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AUTHOE'S PEEFACE. 

For several years the writer has conducted an extensive cor- 
jrespondence with phimbers, builders, architects and others 
interested in the mechanics of hygiene, growing out of the dis- 
cussion in The Metal Worker of practical questions pertaining 
to plumbing and sanitary engineering. From this correspond- 
ence, as well as from a careful study of the literature of the 
subject, he learned that a need existed for a comprehensive 
elementary treatise on the theory and practice of plumbing 
which was not met by any work in the market. The idea of 
an attempt to supply this want did not at first suggest itself, 
however, as continuous and exacting professional engagements 
seemed to leave no time for book-making. During the winter 
of 1874-5 the writer had the honor of reading two papers be- 
fore the Public Health Association of New York, both on topics 
connected with house drainage, which were so favorably received 
by the plumbing trade as to suggest the propriety of i-evising 
them for republication in pamphlet form. The work thus begun 
gradually expanded, until it assumed the proportions of a book, 
and it was then deemed advisable to still further extend its 
scope to include the whole subject of house drainage and water 
service. 

It is perhaps only just to the professional reader to say that 
this book is not intended as a contribution to the literature 
of sanitary engineering. It takes up the subjects of drainage 
and water supply where the engineer commonly leaves them, 
and treats almost exclusively of subjects in which householders 
and those connected with the house-building trades are directly 
and immediately interested. On the other hand, it does not 
claim to be a workshop manual. There is little in the simple 
manipulations of the plumber's art to call for explanation. 
Tlie plumbers as a class need theoretical instruction chiefly, 
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and this is equally valuable to the other classes of readers ad- 
dressed in these pages, namely, architects, builders, house- 
holdei-s and physicians interested in studying the mechanics of 
hygiene. The writer has learned from experience that to be 
of value such a work must be at once elementary and thorough. 
It should aim to supply exactly the information which the 
reader is likely to find practically useful ; and while the discus- 
sion needs to be full and exhaustive, it is of little use to encum- 
ber the pages with citations from foreign authors or with 
many references to works not readily accessible to the general 
reader. With this in view the writer has been somewhat more 
didactic in his treatment of the subjects discussed than he would 
have been if writing for experts in hygienic science ; and the 
book is published in the hope that it will be of value to the 
readers specifically addressed and aid in creating a popular in- 
terest in matters intimately affecting the public health. 

The author desires to aclmowledge his obligations to those 
who have assisted him in various ways, especially to Mr. William 
E. Partridge for valiiable aid in nearly every line of investiga- 
tion and experiment; to Messrs. J. W. Hallock and B. C. 
Gregory for assistance in chemical research and laboratory 
work ; to Mr. John Birkinbine, C. E., for aid in investigations 
pertaining to the science of hydraulics; to Prof. Charles F. 
Chandler for documents and information ; to Drs. George 
Bayles and Elisha Harris for valuable data ; to Mr. William 
Emerson for exceptionally careful and intelligent proof read- 
ing, and to many kind friends in nearly all parts of the United 
States who have aided his work and encouraged him in com- 
pleting it for publication. 

83 Keade Steeet, New Yoek, April, 1878. 



CHAPTER I. 

Hygiene in its Peactical Eelations to Health. 

It is a gratifying indication of the progress of civilization sanitary aci- 
that sanitary science, as it is called, is becoming, even to a lim- fngl po°p^ar 
ited extent, a popular study. '*"'*''■ 

For many centuries physicians had a practical monopoly of 
what little was known of the conditions affecting the public 
health, and there seemed to be no incentive to original investi- 
gation and experiment, even if the means of prosecuting an 
inquiry so important to all classes of the people had been at the 
command of those who, under more favorable circumstances, 
would, doubtless, have made important contributions to the liter- 
ature of hygiene. Fortunately, the science of medicine — if 
that could be called a science which was then empirical, and 
still is to a great extent — gradually freed itself from the hideous 
superstitions which so long trammeled it, and physicians began "^^^ ^^em- 
to open their eyes to the real teachings of experience, and to *ary investi- 
treat disease rationally. This was a great step forward. The 
next step was to push the inquiry into the causes of disease, 
and the means by which those causes could be reached and 
extirpated — or, at least, so far controlled as to essentially mod- 
ify their power for mischief. To the medical profession we services of 
owe the greater part of what has already been learned and protession. 
placed upon record, of the truths which form the basis of san- 
itary science; but though long left to pursue their studies 
without encouragement, and with little or no hope that even 
their most startling discoveries would be appreciated by the 
general public, they have at last drawn to their assistance in the 
great work a large and influential class. Those to whom the 
sanitarian must look for the practical application of his carefully 
elaborated theories of sanitary reform, are the very ones who 
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are now beginning to appreciate most fully the importance of 
''°e^ta'°ani- saftitarj. science. In all classes of society, except those which 
tary reform, jjjgi^j^jg ^^le verj degraded and ignorant, we find a growing 
interest in the means of guarding against all unhealthful condi- 
tions in person, house and environments. With a larger wis- 
dom and clearer insight into the causes of things, which have 
come of progress in scientific thought, intelligent people do not 
causes™ ^°^ attribute the consequences of their own neglect and care- 
disease. lessness to the " afflictive dispensations of Providence," which 
are " mysterious and past finding out." We are beginning to 
understand how large a proportion of the diseases which afflict 
humanity results from preventable causes, and that it is possible, 
by judicious measures of sanitary reform, to so reduce the death 
rate as to materially increase the average duration of human 
^benevolence ^if^- Nor IS this interest in sanitary reform bounded and lim- 
°* ^*wOTfc i^^*l ^7 ^ narrow selfishness. There is something broadly 
humanitarian in it. The rich and middle classes no longer 
feel that they have no interest in the welfare and comfort of 
those who endure the misery and utter wretchedness of squalid 
poverty. Disease is no respecter of persons, and a "fever 
nest " in some remote and neglected quarter of a populous city 
may dispatch invisible messengers of death to poison the air of 
broad avenues and clean-swept streets miles distant. The 
enlightened self-interest which is leading so many intelligent 
men and women to study the laws of health is exactly the 
reverse of selfishness, since every movement for general sani- 
tary reform begins with the improvement of the houses of the 
poor and ignorant, who can only be redeemed from untimely 
death, and saved from being the instruments of spreading the 
seeds of disease and contagion, when those who occupy the 
social planes above them stretch forth a helping hand to lift 
them out of the mire into which they have fallen. 
Tbotask of When we look about us and see how much remains to be done 

tne Ganlta- 

rian not beforc the masses of the people shall be emancipated from the 
dire necessity of living under conditions prejudicial to health 
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and, consequently, to happiness, it would almost seem as if the 
task of the sanitarian is a hopeless one. Such is not the case, 
however. "We turn with a shudder of horror from the records 
of the past to contemplate with satisfaction the progress we have 
already made. People often wonder why we do not have such 
fearful visitations of epidemic at the present day as the plague 
of London, the ancient spotted fevers, sweating sickness, &c. 
They forget that we are not yet free from the cholera, the yel- Epidemics, 
low fever, typhoid fever, and other preventable diseases, and 
that the next generation may see that our disregard of nature's 
laws affected our death rate as surely as the dirt and lilth of 
London caused the great plague. 

From the fall of the Koman Empire to the end of the Middle ufe in eu- 
Ages, the people of Europe were unwashed. Of Paris, it isMWdieAges. 
recorded by Kigord, physician to Philip Augustus, that one 
day when the king, walking to and fro in his audience cham- 
ber, went to look out upon the view for recreation, some car- 
riages belonging to citizens happened to pass in the street 
beneath the window, "when the substance forming the street, The streets oi 

' _ . Paris In the 

being stirred up by the revolution of the wheels, emitted a "th century, 
fitench so powerful as to overpower Philip. This so disgusted 
the king that he urged the citizens to pave the streets, and, to 
assist in effecting the purification of the city, he built a wall 
around the cathedral to prevent it from remaining longer a 
common corner of convenience." These measures occasioned 
great popular dissatisfaction, and we really have no reason to 
wonder that plagues and pestilences were so common in a city 
with such streets, and in which the angles of the cathedral 
walls were used as privies. One writer, in speaking of the 
condition of London about this time, says that in the streets 
around St. Paul's Churchyard the " horse manure was a jaxit^^ionintue 

^ '' , uth century. 

deep," and also speaks of the streets as never having been 
cleaned. Public muck heaps were foimd at every corner. 
" Floors were of clay covered with rushes which grew in the 
fens, which were so slightly removed now and then that the 
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lower part remained sometimes for twenty years together," and 
in it such a collection of foulness as we should expect to find 
only in a city scavenger's cart. The chronicle goes on to 
specify of what the filth consisted, but I omit the items for the 
sake of decency. The odors were horrible, and to disguise 
them perfumes were largely used and fragrant gums were 
uncieaniinesa burned to sweeten the air. Cleanliness of person was a thing 
almost unknown. One old chronicler says of the ladies : " They 
wore clean garments on the outside, but the dirty ones were 
often worn until they fell away piecemeal from their unwashed 
bodies." The history of Chester shows the fearful effects 
resulting from the utter neglect of sanitary precautions which 
seemed to be characteristic of our English ancestors. I quote 
Mortautyinas f ollows : "In 1507 sweatino; sickness was very severe in 

Chester, i6th ° '' 

century. Chester for three days ; 91 died. In 1517, great plague ; grass 
a foot high in the streets. 1550, sweating sickness. 1603, great 
plague began in one Glover's house, in which 7 persons died ; 
60 died weekly, in all 650 persons, and 61 of other diseases. 
1604, plague ; very hot ; 812 deaths. 1605, plague still increas- 
ing; 1313 died of it, beside those of different diseases." In 
1649, 2099 persons died of the plague. And so the record 
goes. The people prayed for deliverance from sickness and 
death, but forgot their garbage heaps, their foul streets, dirty 
houses and personal uncleanliness. 
Gaol fever. The gaol fever was another disease which was much dreaded 
by all classes of the people, and its ravages show how utterly 
sanitary precautions were neglected in prisons. Unfortunates 
and criminals were confined in damp, cold, unventilated cells, 
and kept in a state of inactivity, without a chance for fresh air 
or exercise. The stench from their own bodies and the absence 
of any means of purifying their persons, bedding and clothes 
during confinement, filled the air with exhalations so poisonous 
that sickness was inevitable. The prison house became a pro- 
lific source of contagion, and though the prisoner might escape 
death, he carried in his clothes, when liberated, the seeds of 
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sickness and death to others. The Black Assize at Oxford, in T„e Biaok 
1577, is a memorable event which serves to show us, by con- ■^*'**- 
trast with criminal court terms of the present day, what pro- 
gress has been made since that time. Baker tells us, in his 
Chronicle, that all who were present in the court died of gaol 
fever within forty-eight hours — judge, lawyers, constables, wit- 
nesses, prisoners and spectators — in all some three hundred per- 
sons. In London the great plague would have been a matter London 
of annual recurrence, and the hundred thousand who died of 
it would have been only the advance guard of the army of vic- 
tims, had not the great conflagration, which soon followed it, 
purified the city with fire. When it was rebuilt more attention 
was given to sanitary laws, which were just beginning to be 
understood, and the new city, being comparatively clean, 
escaped the contagion which loaded the air of the old. 

When we have in mind such facts as these, gathered at ran- 
dom from the annals of past centuries, we realize that all classes 
of society share — though not in equal degree, perhaps — the The past ana 
benefits of the steady upward progress toward higher standards 
of civilization and social refinement. In Europe and America 
we see the growth of societies of thoughtful, earnest men, 
organized to discuss questions affecting the public health, and 
to devise means of making unthinking and unthankful com- 
munities healthier and happier.^ In many cities we see liberal 
appropriations of public money expended by boards and com- sanitary ad- 

. ■ t» ./..... ministration 

missions composed of men eminent for scientific attainments and in cities, 
public spirit in sanitary work, while an army of self-sacrificing 
physicians labor in the work of sanitary inspection with a zeal 
and fidelity to duty altogether disproportionate to their scant re- 
muneration — if the value of such services can be measured in 
money. "We see the steady and sustained progress of improve- 
ment in the comfort, convenience and healthfulness of the 
homes of the upper and middle classes, and we also see repre- 
sentatives of these classes devoting time and means to further Pubuc sani- 
the great work of bettering the condition of those below them *'^ ''°''''" 
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in the social scale. Sucli associations as the Artisans', Labor- 
ers' and General Dwellings Company, of London, which has 
built the workingmen's city at Shaftesbury Park, and the Dwell- 
ings Eeform Association, of New York, having for its object 
the provision of better, more commodious and more wholesome 
homes for the neglected poor now crowded into foul and dirty 
tenements, are the outgrowths of an enlightened and liberal 
public sentiment, and the operations undertaken and proposed 
by them would be impossible of accomplishment under any 
other conditions than those which exist in London and New 
York. It is so in many things. Progress in civilization has 
given us hospitals and dispensaries for the sick, built asylums 
for the insane, and provided clothing, food and shelter for the 
pauper, organized and carried out great schemes for the relief 
of sufEering, and in innumerable ways extended its benefits to 
those who contribute least to it. Society recognizes its duty 
and honestly, though not always wisely, seeks to perform it. 
Public sanitary work is a part of this great scheme — one of the 
fruits of practical Christianity in highly civilized communities, 
and the sanitarian who seeks to extend the knowledge and pro- 
mote the intelligent study of Nature's laws, renders important 
service in the cause of human progress. 

But while sanitary science is beginning to attract some share 

of public attention, the reforms and improvements which it 

seeks to effect in the conditions of our everyday life are not 

Importance easilv accomplished. Much has already been done in this coun- 

of a popular . 

understand- try, and morc in England, in devising and carrying out systems 
ture's laws, of Sanitary reform, but the truths upon which sanitary science 
is founded must be deeply impressed upon the public mind 
before we can look for great and important results. This pop- 
ular education can only be accomplished gradually by the 
patient and intelligent teachings of unselfish specialists through 
the medium of the newspapers, in books, in pamphlets and 
tracts, presenting elementary truths in such shape as to com- 
mand attention for them, and through the work of such socie- 
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ties as the American Public Health Association, the Public* 
Health Association of New York, and similar organizations. 
Little of either fame or profit can be expected to result 
from this preliminary work in the field of sanitary reform, but 
those who engage in it with honest and unselfish purpose do 
not, as the rule, desire other reward than the knowledge that 
they are doing something for the good of humanity. 

So far as regards the movement looking to the reform of the 
evils to which the reader's attention is directed in the succeed- 
ing chapters, its success depends very mucli upon our architects. Hy^ene ana 
"WTien they call for good plumbing work in their specifications, 
knowing what they want and refusing to accept anything else, 
they will have no difficulty in getting it. "When capitalists are 
willing to pay the price of good work, the architects will learn 
what good work is and how to call for it. In njost other 
respects our architecture is very well adapted to our climate, 
our social life and our present needs. As a people, we live in ^^g°™ 
more comfortable houses than are found in any other country 
of the world. None appreciate this so fully as those who have 
traveled observingly in foreign countries and studied the home 
life of other peoples. Our dwellings of the better class are fin- 
ished and fitted up with a completeness and a regard to comfort 
and convenience which astonishes foreign architects. In the 
sundry items classified under the general name of " modern Moaem con- 
conveniences," our architectural practice has fairly kept pace 
with the development of the various industries connected with 
the building trades ; and even in the dwellings of the middle 
classes we find evidence of an intelligent regard for the comfort 
of the occupants not seen in dwellings of the same class in any 
part of Europe. 

There is a reason for this. During the brief period of our 
national life the building trades have necessarily been among 
the most important of our great national industries. To pro- 
vide homes for our rapidly-growing population, we have been 
compelled to build more houses than have probably been built 
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■ in all Europe during the same time. "We are, moreover, a 
home-loving and an inventive people, and have given a gen- 
erous encouragement to vs^ell-directed efforts to improve our 
house fixtures. A glance over the annual reports of the Patent 
Office at "Washington will show that a very large percentage of 
oiirf°rt ^ the inventions patented are labor-saving appliances, designed to 
find a place in the domestic economy. Generally speaking, we 
have, as a people, very sensible ideas of comfort, and are not 
much hampered by either custom or precedent in these matters. 
We do not, like the conservative Englishman, retain the ojien 
fireplace because of its traditions and from a mistaken notion 
that comfort and health are incompatible in house-warming. 
"We discarded the, open fire a generation ago, and adopted the 
Wanning morc ecouomical , and efficient iron stove ; now the stove is 

' giving place to the hot-air furnace, and this, in turn, will be 
pushed aside by the steam heater in first-class work. This rest- 
less desire for improvement has kept the inventive talent of the 
nation directed to the changing requirements of the building 
trades, and has enabled us to attain, even in cheap construction, 
a degree of comfort which in other countries would be deemed 
extravagant luxury. On this score, at least, we have no just 
quarrel with the architects. 

But while convenience and comfort are certainly desirable in 

an eminent degree, they are not the only qualities to be sought 

in house building. These we demand, and properly ; but out 

Evils In of ^j^e limitations which those who build houses and those who 

architectural 

practice, buy them have fixed to the intimacy of the relations of science 
and art to architectural practice, have grown other and very 
serious evils. We may divide these evils into two general 
classes — those which are just beginning to attract the attention 
of the hygienic physicist, and those which have long received 
the thoughtful consideration of the economist. 

In the first of these general classifications we may include the 
evils inevitably attendant upon a disregard of hygienic laws in 
house building; in the second are included subjects which 
cannot properly claim consideration in these pages. 



HYGIENE m ITS PKACTICAl KELATIONS TO HEALTH. 13 

It is a fact which unfortunately does not admit of intelligent 
contradiction, that in the architectural practice of the time very- 
little attention is paid to the laws of health. "What is known as unhealthy 
sanitary science is still to some extent empirical; but from*"""^'" 
experience we have learned something ol Nature's laws and 
Nature's penalties, and we certainly have a right to expect that 
our architects shaU not, by disregarding the former, force us to 
incur the latter. Let us begin with our heating apparatus, 
already noticed as contrasting so favorably, on the score of com- 
fort, with the primitive fireplace of Great Britain and the 
clumsy, inefficient appliances employed on the Continent. 
Owing to the length and severity of our winter seasons, the fur- 
nace is one of the most important of the permanent fixtures of Hot-air 
a well-appointed house. Now, it is by no means probable that 
the system of heating by the distribution of air currents moder- 
ately warmed by contact with the radiating surfaces of a 
furnace, is objectionable on hygienic grounds. It is the abuses 
of the system which give rise to the evils commonly charged 
against the system itself, and in these abuses we find a marked 
difference between scientific theory and every-day practice in 
architecture. It is probable that every well-informed architect 
is familiar with the fact that there is a vast difference, as 
regards its healthf ulness, between a system of heating in which 
a large volume of moderately-heated air is employed and one 
in which dependence is placed upon a small volume of air 
raised to a high temperature. The very common abuse of the 
system consists, principally, in the use of furnaces too small for 
the work they have to do. As the consequence, we must drive 
them in cold weather to such an extent that the air passing 
through them is vitiated and rendered unfit for breathing. 
We cannot expect the average householder to understand these 
matters, and we must look to the architect to lead the progress 
of reform which shall give us wholesome heating without sacri- 
fice of comfort. 

Intimately connected with the problem of healthful warming, 
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is that of ventilation. Here the difference between theory and 
practice in house building — between what we know should be 
Ventilation done and what we do or attempt to do — is certainly very 
ot dwellings. j^g^j,]j.g^_ rjij^g subjcct of vcntiktion has a voluminous literature 
of its own, with which the well-read architect cannot bnt be 
more or less familiar. Probably he appreciates more fully than 
any one but the specialist in practical hygiene, the importance 
of good ventilation in dwellings ; but in not one in a hundred 
of the dwellings he builds is any provision whatever made for 
ventilation. "What is simple and comparatively easy of accom- 
plishment at the hands of an intelligent architect when he 
plans a building, becomes difficult and often practically impos- 
sible of accomplishment after the house is finished, without 
costly and troublesome reconstruction. That the average 
architect is practically ignorant of the mechanical means by 
which adequate ventilation can be secured in cold climates 
without unnecessary waste of fuel, is no more to be wondered 
at than that he so often fails in his essays in the domain of high 
art. With us it is not yet a part of the business of house 
making, and we do not give him an opportunity to learn from 
practical trial the fact that, to secure good ventilation, it is only 
necessary to remove impure air, and that, with the whole 
volume of the atmosphere exerting on all sides a pressure equal 
Artifloiai to about 14 pounds to the square inch, it is as idle to pump 

supplies of-^,. I'lT .. 

fresh air. fresh air into a building as it is to pump water down hill. 
Hence, when we call upon the architect of average skill to exer- 
cise the functions of an engineer of ventilation, he is more 
likely to fail than to succeed. We see this illustrated in the bad 
ventilation of our churches and public halls — if that may be 
called ventilation which does not ventilate — and if we pursue 
the experiment long enough, and without regard to expense, we 
are likely to reach results almost as unsatisfactory as those 
secured in the effort to ventilate the House of Representatives 
Bad air. at Washington. We blame the architect for the impure air of 
our dwellings and places of assembly, but when he undertakes 
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to give US good ventilation and fails, all he is really to blame 
for is over-confidence in essaying a task for which he has 
neither the education nor the experience. In such a climate as 
we have in New York, we cannot have both economical heating 
and good ventilation unless we build our walls and floors with 
non-conducting filling. As we do build, however, we are con- 
tent to do without the ventilation ; and, to secure both comfort ^°«i 

economy 

and fuel economy, even the scanty supply of fresh air which 
comes in around our doors and window sashes we cut off in the 
early autumn with list and weather-strips. We are not only 
content to do without ventilation, but we positively do not 
want it in any form in which it has yet been given to us. 
Some years ago a wealthy and philanthropic land owner in one 
of our principal cities, conceived the idea of erecting a number 
of healthy houses which should be built on scientific principles. 
Ventilation was especially sought, and the best talent at com- 
mand was engaged to provide the necessary appliances ; but Popniarindit- 
when the houses were finished the owner found himself unable ventuation. 
to retain his tenants except u,pon the condition that he would 
seal all his ventilators. Probably the tenants were not so blind 
to their own interests as might appear at first glance. No doubt 
it was impossible to keep these houses warm enough for com- 
fort, owing to the loss of heat by absorption into the walls and 
its escape through the ventilators. In ventilation, comfort and 
health are almost synonymous, and when we can have the bene- 
fits of pure air without a ruinous consumption of fuel or the 
discomfort of low temperatures, we shall no longer object to it ; 
indeed, we shall demand it. 

That the educated architect should thoroughly understand the 
principles and the methods of ventilation, is too obvious to need 
the support of argument. It is not, however, an art which can 
be acquired easily or from mere generalizations. Nor will it 
help him much to master the details of a " system," however 
good that system may be, for the reason that no system can be 
devised which will admit of successful application under 
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Tarious conditions. A system whicli would work well in one 
Mistakes of Ijonse might fail in part in another house, and fail utterly in a 

architects. or ■> j 

public hall ; while a system applicable to a church or a lecture 
room would probably be little better than no system at all in a 
theater or hospital. There are, however, certain principles 
which apply to the ventilation of all classes of buildings which 
are so simple and, when learned, so obvious, that the architect 
rarely attempts to apply them until he has tried all other plans 
unsuccessfully. It is a curious fact that those who give atten- 
tion to ventilation rarely avail themselves of the experiences of 
their predecessors. Beginning where they began, they go 
through pretty much the same course of trials and failures, and 
it is generally an easy matter to tell how much experience a 
man has had by ascertaining what "system" he tried last. 
When the importance of good ventilation is better understood 
by the public, and the architect is required to provide it in our 
dwellings, he will probably find it to his interest to call to liis 
aid the specialist who has made ventilation his study, and who 
has learned from experience how to meet all llie conditions 
which complicate the problem so seriously. 

In the defects found in the average plumbing work of the 
time, we see another instance of the wide difference which 
Plumbing exists between the measure of our scientific knowledge and the 
methods of our architectural practice. No fact rests upon a 
broader and more substantial basis of truth than that the 
gaseous emanations from decomposing sewage, commonly called 
sewer gas, are a fruitful source of disease. "Whatever the 
agency by which sewer gas works, we know that it comes 
armed with the power and potency of death. Escaping into 
the free atmosphere, its deadly power is quickly destroyed by 
Sewer ftaain the oxidatiou of its Organic poisons : but when it mingles with 

dwellings. j> i ■ j- , 

the confined air ot our unventilated living and sleeping rooms, 
it retains its terrible power for mischief long enough to do its 
deadly work effectually. Dr. Mapother, of Dublin, an eminent 
authority, states that there occur annually in England 14:0,000 
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cases of typhoid fever, of whicli 20,000 terminate fatally, 
whicli are clearly traceable to defective drainage and sewer-gas Typhoid 

fever in Eng- 

poisoning, and yet typhoid fever is only one of a long list of land and soot 
prevalent zymotic diseases. England and Scotland together 
gave in the five years ended January 1, 1870, deaths from 
zymotic diseases amounting to 21-9 of the total mortality, as 
shown in returns made by order of Parliament in 18Y1. The 
variation of the zymotic ratio in the sum of causes of mortality Mortality 
ranges from 10 to 37 per cent, of the total deaths. From such A^Ta^sT" " 
imperfect statistics as have been gathered in this country, it is 
safe to conclude that zymotic diseases cause, directly or indi- 
rectly, about one-half the deaths occurring in our great cities. 
In the vital statistics of New York for the past 11 years, in New York, 
zymotic diseases, as now classified, are charged with about 32 
per cent, of the deaths from all causes. The figures are as fol- 
lows: 

Deaths from Percentage of 

New York City. zymotic diseases. total mortality. 

1866= 8,788 32-77 

1867 6,683 2841 

1868 7,456 29-06 

1869 7.676 30-50 

1870 8,314 30-60 

1871 8,964 31-01 

1872 11,815 36-19 

1873 9,505 32-98 

1874 9,715 33-82 

1875 10,964 35-52 

1876 8,538 29-25 

In some of our principal cities the percentage is higher than 
in New York. In others it is much lower, as will be seen otter Amer- 
from the following comparison of the average ratio of deaths "*" 
from zymotic causes to the total annual mortality : 

Pittsburgh .' 35 per cent. 

Chicago 34 « 

2 
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Brooklyn 33 per cent. 

Boston 33 " 

Cincinnati 33 " 

Milwaukee 31 " 

Baltimore 28 " 

"Washington 25 " 

San Francisco 22 " 

Philadelphia 20 " 

If it be assumed that the relation of deaths to the number of 
cases of sickness induced by zymotic causes is about the same 
Filth poi- here as in the case of typhoid fever in England, the effect of 
filth poisoning upon the public health will with difficulty be 
realized. If we look for the cause of this large mortality from 
diseases of the zymotic type in our cities, we find it principally 
in sewer-gas poisoning. Other causes operate to swell the total, 
but to bad plumbing work we may attribute the prevalence of 
pythogenic pneumonia, peritonitis, inflammatory rheumatism, 
typhoid and malarial fevers, croup, diphtheria and many kin- 
dred diseases which are almost epidemic in our large cities. 

The atfler- XJnf ortunatclv for the progress of hygienic reform, the differ- 
ence between *^ a o *j o j 

gooa and bad ence between good and bad plumbing work is usually so slight 
as to escape the notice of any but the trained expert ; but it is 
commonly great enough to exert an active and far-reaching 
power for mischief. "We expect to find in the houses among 
which we seek homes for our families all the conveniences 
which are rendered possible by the vast systems of hydraulic 
engineering which find their consummation in the water service 
and drainage of a city house. The bath, the water-closet, 
stationary wash basins with hot and cold water, laundry tubs, 
. the butler's pantry and the kitchen water system, are no longer 
Fixtures In regarded as luxuries but as necessities in all well-appointed 

houses. 1 rni • 

modern houses. There is no good reason why we should not 
have all these conveniences, but we often pay a fearful price 
for them. Let us follow the intelligent sanitary inspector in an 
examination of the pipe systems of an average New York house 
of the better class. 
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Begmning with the water service, we find that the pipes are service pipes. 
of lead, notwithstanding the fact that the architect has ready to 
his hand several kinds of pipe quite as convenient as lead and 
much safer than those made of a metal which, under a great 
variety of conditions, parts with poisonous salts to the water 
passing through it. All conscientious architects familiar with 
the literature of chemistry will admit that lead should " be dis- 
carded as an unsafe metal for service pipes, and tin or black 
iron used instead ; but lead is still called for in ninety-nine out 
of every hundred specifications. " In the drainage system and Drainage, 
its appurtenances we find evils of a difEerent and more serious 
character. We see dependence for the suppression of gases, 
often held under considerable pressures in the sewers, placed 
upon supposititious half-inch water seals in traps of such shape jjapg 
and so placed that they are likely to be emptied, from one 
cause or another, every hour in the day, and to stand empty at 
night. "We find that the foul sewer is provided with breathing 
holes into our houses; that in dark, unventilated recesses 
adjoining our bedrooms are cheap and flimsy water-closets, water- 
wrong in principle and wholly unsatisfactory in operation, 
which retain so much of the filth passing into them that they 
become pestilent nuisances. In short, we find every condition 
so favorable to sewer-gas poisoning that we no longer wonder 
at the great mortality from diseases of pythogenic origin in our 
sewer-drained cities. As the plumbing work of our houses is 
commonly done, ic would be better for most of us if we had to 
bring our water in buckets from a public hydrant, and carry 
our waste to the culvert at the nearest street corner. 

"Where shall we place the responsibility for this most terrible Tue responsi- 

, . , , bllltyforbad 

of the evils which characterize the architectural practice ot the plumbing, 
time ? We know from experience that very few of our archi- 
tects have given the problems of hygienic house drainage the 
careful attention they deserve, but it is not because they do not 
know the consequences of cheap and defective plumbing work 
in houses, nor because they consider these defects irremediable. 
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The evils to which we have called attention exist and multiply, 
simply because the architect in general practice cannot insist 
upon a due observance of hygienic laws in house construction 
and compete successfully with those in the profession who are 

The architect, less conscieutious in these matters. If his clients neither know 
nor care whether a house is well or badly drained, why should 
he dri^ie away business by demanding that we shall pay for good 
plumbing work, when others will furnish us equally acceptable 
plans and specifications which can be followed in construction 
more cheaply? Consequently, the architect rarely troubles 
himself to learn the theory of plumbing, save in the most super- 
ficial way. His specifications of pipes and fixtures are usually 
so loosely drawn as to be susceptible of the most liberal inter- 
pretation by those who bid upon them. As the lowest bidder 
commonly secures the contract, we may be sure that every 
advantage will be taken of the incompleteness and ambiguity of 
speciflca- the specifications, which are rarely specific except as to the 
number and kind of fixtures to be supplied and the weight of 
lead pipe to be used. The shrewd, practical plumber knows 
just how much regard it is necessary to pay to the stereotyped 
phrases which provide that his task shall be performed "in 
a workmanlike manner, and to the satisfaction of the architect 
and owner." The architect gives the work only a cursory 
supervision at most, and the owner is commonly satisfied if 
the fixtures are all in the right places and look as he expected. 
The owner. A staiu in a marble slab or a thin spot in the silver-plating of a 
basin cock is far more likely to give dissatisfaction than a soil 
pipe of paper thickness, put together with mason's cement or 
glazier's putty, instead of substantial pipe weighing (if of 4 
inches diameter) not less than 13 pounds to the foot, and put 
together with well-calked lead joints. 

The specialist in the field of practical hygiene naturally 
blames the architect for the existence of evils so prejudicial to 

A diviaed re- the public health ; but there is a divided responsibility. The 
architect shifts his share upon the builder, the builder upon the 
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parsimonious owner unwilling to pay tlie price of good work, 
and the owner upon the " rascally plumber " who " scamped the 
job." But it does not rest here. , The plumber replies that he 
works for a profit, and means to make it when he can. If the The plumber, 
owner expected to get a thousand dollars' worth of materials 
and time for iive hundred dollars, he is the only party to the 
transaction who is deceived, and that because he deceived him- 
self. There is something of truth in each of these specious dis- 
claimers, but perhaps the architect has a larger share of the 
moral responsibility than he is willing to admit. If he would 
let discreditable work go to those more anxious for present gain 
than for an honorable professional reputation, we should be 
better able than we now are to draw the line between the two 
classes composing the profession. 

It is, perhaps, too much to expect that there will ever be in 
our average architectural practice a close approximation to the 
measure of our scientific knowledge. If it follows, even a long 
way behind, the footprints of invention and discovery, it will 
be as rapidly progressive as we can hope to see it. Generally conservatism 
speaking, we gain knowledge a good deal faster than we can 
practically apply it, and our progress toward higher standards 
in architecture will and should be characterized by a judicious 
conservatism. The material interests involved are large, and 
must be carefully guarded by the conscientious architect. "We 
cannot, therefore, expect that he will make haste to utilize 
every new fact which may be added from day to day to the 
sum of the world's knowledge, but we have a right to insist 
that he shall not carry his conservatism too far, and cling to 
systems and methods entailing evils from which we naturally 
and properly look to him for protection. In these matters there 
should be a much closer relation than now exists between 
theory and practice in architecture, and if the conscientious 
architect will first educate himself in those branches of his art 
in which the disparity is greatest, he will find it an easy task to 
bring about the desired reforms. In thus educating the public, 



In architec- 
ture. 
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by placing before tbem the results of his own education, he 
will open for himself a broader and nobler field of usefulness, 
in which he will be less hampered by the limitations and 
restrictions of which he now complains. 
Gfood plumb- As f or the plumber, I can say with confidence that, so far as 

Ingobtalna- . 

bie wiien ncw work is concerned, he will give us what our architects call 

wanted. _ 

for, and when he has only good work to do in new buildings, 
he will soon learn what good work is and how to avoid mistakes 
in jobbing. 



CHAPTER II. 

Sewek Gas. 

Popular indifference to the evils resulting from defective 
drainage is, doubtless, attributable wholly to popular ignorance. 
A majority even of intelligent people regard the subject as one 
in which they have no personal interest, and for this reason it 
is difficult to instruct them through the medium of the public 
prints. Those who have been engaged in the work of sanitary Duaeuity of 
inspection have almost invariably experienced great difficulty it^^reloms. 
in securing reforms, even of the most dangerous evils ; and, 
unless supported by legal authority, their suggestions and direc- 
tions are nearly always disregarded. The popular belief seems 
to be that there is a great deal more talk about sewer gas among 
those who lay claim to scientific knowledge, than its practical 
importance really warrants. I scarcely need assure the reader errorsr 
that this is a serious mistake, which cannot fail to imperil the 
public health by giving rise to a false sense of security and 
encouraging the toleration of dangerous nuisances. In many 
respects the ancients were wiser in sanitary matters than the 
modems. No nation ever had a code of laws embodying so 
much of sound, practical wisdom — so far as regards hygiene, at 
least — as the Jews under Moses and his immediate successors, sanitaftr laws 

of tile Jews. 

and the more we learn of Nature's laws, the better we under- 
stand and appreciate the importance of the regulations estab- 
lished for the government of the tribes of Israel in their long 
journeying after the exodus from Egypt. 

When architecture reached its highest aesthetic development, 
and drainage systems were adopted, the importance of guarding 
against the danger of sewer-gas poisoning seems to have been sewer venti- 
well understood, for the ruins of ancient Eome show that all etentBome. 
the cloaca were well ventilated, to the end that the pure atmos- 
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pheric air miglit oxidize and destroy the poisons arising in the 
gases given off by decomposing sewage. The knowledge whicli 
prompted these precautions has never been lost to the world, 
but for some reason which it would be diificult to explain, mod- 
ern engineers and architects have too generally neglected the 
Modern simple precautions so necessary to the protection of the public 
generally health, and, as the rule, modern sewers are but indifferently 
a e . ygjjtilated, if at all. As a consequence, the gases generated in 
our sewers are rarely rendered innoxious by dilution with 
enough pure air to destroy the organic germs which go with 
them, and when they find their way into a house they are 
pretty sure to cause serious mischief. 

"What is sewer gas ? The most careful analyses show that it 
Chemical is composed chiefly of carbonic acid, nitrogen, sulphureted 

composition -.t .t -i-i^i.-i 

ofsewergas hydrogen, ammomacai compounds and icetid organic vapor. 
The elementary gases and those of known composition, which 
are commonly found in sewers . and unventilated cesspools, 
though mostly capable of destroying life under favorable con- 
ditions, are not, I think, responsible for much, if any, of the 
fatal effects properly attributable to sewer gas. Probably it is 
those constituents which analysis cannot find, and of which we 
know practically nothing, which impart to sewer gas its fatal 
capacity for bearing sickness and death to thousands of uncon- 
scious victims annually. This is an opinion, simply ; let us see 
whether it will bear the test of examination. 
Oflibonio Carbonic acid is the gas usually found present in greatest 
' volume in sewers, both ventilated and unventilated. The pro- 
portion, as determined by analysis, varies according to circum- 
stances, but it is usually large. This gas is an invariable product 
of the decomposition of all substances containing carbon. Its 
properties are so. well known that I need give but little space 
to its description. Inhaled in concentrated form, it quickly 
produces death, and even when considerably diluted with 
atmospheric air, it produces asphyxia, and, unless the victim is 
quickly rescued from its influence, death follows promptly. 



SEWER GAS. 25 

This gas is tlie fatal "choke damp" of the coal mines, and 
deaths caused by it, in one way or another, are matters of almost 
daily occurrence. It does not readily leave sewers and cess- 
pools, however, owing to the fact that its specific gravity is 
considerably greater than that of air, and so much of it as would 
naturally find its way into a house from a sewer, unless drawn 
in by a strong current of air, would not, probably, do much 
damage. At all events, carbonic acid is incapable of giving 
rise to the ordinary phenomena of sewer-gas poisoning. 

The presence of an excess of nitrogen in sewers is readily Nitrogen, 
accounted for by the fact that the union of atmospheric oxygen 
with the carbon of organic matter, forming carbonic acid, leaves 
it free. It is incapable of supporting animal life, but is not 
known to possess any poisonous properties. 

Sulphureted hydrogen, also a product of decomposition, is 
undoubtedly a very poisonous gas. Various experiments made suiphureted 
with it have shown unmistakably its power to destroy animal 
life. One part in 250 of atmospheric air will kill a horse, and 
life may be destroyed by the absorption of this gas into the sys- 
tem through the skin pores, even though the lungs be abun- 
dantly supplied with pure air. But experience has also shown 
that even this deadly gas cannot be held accountable for sewer- 
gas poisoning. In laboratory work it is often necessary to make 
sulphureted hydrogen in large volume, and when the manage- 
ment of the apparatus is entrusted to students or beginners, the 
air becomes so strongly impregnated with its disgusting odor 
that one unaccustomed to the smell could not breathe it with- 
out serious discomfort. Indeed, a laboratory would not smell 
natural without it; and yet chemists, who breathe this and 
many other equally dangerous compound gases almost con- chemutB not 
stantly while at work, have not been found to suffer any more lubjecuoais- 
from typhoid and gastric fevers, cholera, diarrhoea, general ^^®^^*J^^^ 
debility and other diseases known to be propagated by sewer 
gas, than those who never enter a laboratory. I have known 
instances in which students of analytical chemistry have been 



26 SEWEE GAS. 

made sick by inhaling sulphureted hydrogen, but not seriously, 
nor was their sickness of a kind similar to that produced by 
sewer-gas poisoning ; and yet a house in which, the smell of this 
gas was as strong as it usually is in many laboratories at any 
hour of day or night, would be considered untenable. 

Nor can we charge the fatality of sewer gas upon the ammo- 
Ammoniaoai niacal compounds which result from the evaporation, as well 
' as the decomposition, of sewage. We must, then, seek for this 
most subtle and dangerous foe to health of all the gaseous ema- 
nations from the sewers, in what is called organic vapor. 
This is an indefinite name for something of which we yet know 
Organic but little. Eliminate from sewer gas the organic germs which 
vapor. ^^^^ .^ ^^^ insensible to sight, touch and smell, and I doubt not 
it would be drawing the serpent's fangs. This vapor, so called, 
is doubly dangerous from the fact that we cannot tell exactly 
what it is. We can tell the exact amount of organic matter 
present in a gallon of sewage, but living organisms in sewer gas 
elude our senses and defy all but the most subtle and searching 
methods of analysis. 

This brings us to a consideration of what is generally known 
The germ the- as the germ theory of disease, which in this connection will be 

oryoldisease. ,., ,,. ,, -r-icnii 

found to possess both interest and importance, if or a full and 
complete discussion of this theory, the reader is referred to the 
very able treatise on " The Germ Theory of Disease and its 
Relations to Hygiene," read by Prof. F. A. P. Barnard before 
the American Public Health Association, and published in the 
report of that association for 1873. 

For more than two centuries men of science have been 
steadily drawing nearer to the complete acceptance of the germ 
theory of disease. Many other theories have been advanced 
and discussed in the mean time, and some of them have been 
regarded as satisfactorily accounting for the origin and propa- 
gation of disease, but none have stood the test of the rigid scru- 
tiny to which the close reasoners of the scientific world subject 
all theories and hypotheses. Some of them contained a measure 
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of what we now regard as truth; others were extravagant 
imaginings, having no substantial foundation. At last the con- ueug's aad 
troversy narrowed down to a close and scientific comparison t^orte'f ' 
of the evidence in support . of the chemical theory, of which 
Baron von Liebig was the most intelligent exponent, and the 
germ theory, originally advanced by Father Kircher, in his 
Ssrutinium Physioo-Medicum contagioscB luis quoe pestis dici- 
tur, and reduced to a scientific basis by Pasteur, the eminent 
contemporary and, on many points, the able opponent of Liebig ; 
and the latter theory has gradually met with general acceptance. 
It is obviously impossible, as well as unnecessary, to foUow this 
controveray and weigh all the evidence brought forward to sup- 
port the rival theories, and I will merely outline what I under- 
stand to be the germ theory as now generally accepted. It organic 
presumes that disease is propagated by the invasion of the ^"°"" 
human system of algoid or fungoid forms, of microscopic pro- 
portions but possessing the power of rapid multiplication. The 
spores which proceed from these fungi, or the cells of the 
algae, are carried by the air currents as the invisible pollen of Howoistrib 
flowers is carried, and, penetrating the human system, generate "'^'*' 
diseases. The fact that all forms of cryptogamic vegetation 
are propagated in this manner, may be regarded as, prima facie, 
favorable to the germ theory. Further evidence of the same 
kind is found in the results of Dr. Tyndall's experiments in 
transmitting the beams of the electric light through air and 
vacuo, by which he has shown that the former is charged with organisms 
organic particles. Evidence of this sort is abundant and, as the ^'^' 
rule, satisfactory, if not conclusive. Of proof we have not as 
yet enough to establish the germ theory as a demonstrated 
truth, but there are many facts which, it seems to me, can only 
be explained reasonably and rationally on this hypothesis. Cer- 
tain diseases are known to be propagated by organic germs ; in 
other cases it is probable, but not certain ; in still others it is 
uncertain, if not doubtful; but we may, I think, accept with veycd by 
confidence the fact that a great many, if not all, diseases are ^'"™^' 
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communicated by living organisms which, in systems predis- 
posed to disease or in a condition favorable to the development 
of disease, rapidly multiply, and, whether directly causing dis- 
ease or not, are the media of its transmission and the vehiisles 
of infection. 
Probably the strongest of the many arguments in favor of the 
Inorganic poi- germ theory of disease is found in the fact that, in the whole 
bieofproduo-range of inorganic substances, chemical analysis has discovered 
diseases, nothing Capable of producing results in the human system in 
any degree comparable with those produced by the agencies 
which convey infection and produce disease. The action of the 
Their action, inorganic poisons is generally well known and definite. They 
destroy life or produce certain characteristic symptoms of 
derangement in the human system, but they are incapable of 
producing any of the diseases known to result from impurities 
imparted to air and water by the decay of organic matter. It 
may be claimed that the negative results of chemical investiga- 
proof ana tiou provc nothing, but the most determined opponent of the 
' germ theory of disease has never been able to produce, discover 
or describe any inorganic substance, elementary or compound, 
which could produce any one of the diseases attributed, and 
even directly traceable, to organic poisons. 

Since writing the above my attention has been called to a 
The gases of paper on " The Gases of Decay in some of their Sanitary Kela- 
deoay. ^j^j^g^jj j.^^^ bcf Ore the American Public Health Association, in 
October, 1876, by Prof. William H. Brewer, of the Sheffield 
Scientific School, New Haven, Conn. This paper is so clear 
and concise in presentation of the subject discussed in this 
chapter, that I am glad to be able to quote it in support of the 
views I have expressed. After discussing the composition of 
sewer gas, as determined by analysis, and showing that none 
of the gases yet described are capable of producing the phe- 
nomena of sewer-gas poisoning. Prof. Brewer says : 
Chemical " ^^ ^^^ physiological effects which follow the breathing of 
sewer gaf. ^^^^^ S^' ®° Called, are produced by actual gases acting chemi- 
cally, then these gases are as yet absolutely unknown to chem- 
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ists, and if they exist at all, they are in too small quantities to 
be estimated by any known process of gas analysis. This, how- 
ever, is no proof that they do not exist. The sense of smell 
tells ns that there are organic gases and compounds never yet 
isolated, and of whose composition and properties other than 
their smell we are entirely ignorant. Indeed we are ignorant 
of the composition of moat of the smells of putrescent matter, smeiia. 
In the investigation of the gases from rotting fish, of which I 
have spoken, the gases were very stinking, intensely so, yet the 
actual amount of the gas which had the odor was too small to 
be detected by the ordinary means of gas analysis, and these 
analyses were conducted under the eye, and some of them with 
the aid of Prof, von Bunsen, then, as now, the most eminent 
gas analyst in the world. The analyses of sewer gases point in Analysis of 

. sewer gas.. 

the same direction. For example, the results of some experi- 
ments on the air of sewers and drains are given in the Report 
of the British Association Sewage Committee, 1869-70. Speci- 
mens were collected from various street and house sewers, 
chiefly in the Paddington district, and during August, so that 
there is every probability of the air being as foul as possible. 
They were chemically examined by Dr. W. J. Kussell. The 
most impure air contained half a per cent, of carbonic acid ; the 
remainder was oxygen and nitrogen, so far as discovered by anal- 
ysis. Another ' with a foul smell ' contained only one-eighth of 
one per cent, of carbonic acid. There were ' no combustible 
gases.' In their investigations they found only small traces of 
ammonia, and often no sulphureted hydrogen. It is needless to 
multiply cases. It is not, of course, denied that sewer gases have 
been found so concentrated and foul as to produce suffocation, suflocatiou 
but very bad effects are well known to often follow the admission 
of such minute quantities into our houses that they can barely 
be perceived, much less suffocate. That it lowers the tone of 
health and sometimes produces active disease in those who are 
subjected to it, is too well proven to admit of a doubt. So far 
as this first effect occurs (lowering the tone of health) we can 
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easily imagine it to be produced by chemiGol causes. Definite 
physiological results are known to follow the absorption into 
the system of definite chemical compounds. The efEect of 

poisona. medicines and of poisons are illustrations too common to need 
more than a reference to them. The agent may work speedily, 
as in the case of actire poisons, or slowly, as in the case of 
cumulative ones. The effects may be gentle, as with certain 
tonics, or violent, and, as in arsenic poisoning, take a somewhat 
definite time, like a fever running its course ; but in all poison- 
ing by chemical means, the physiological effect is very largely 
proportional to the amount of the chemical used, and the effects 
cease with the victim. Moreover, the results are reasonably 
uniform. 
Effects oi " This is very unlike the effects believed to be caused by sewer 
the human gas or othcr ' filth gases,' where the results are by no means 

sys em. ^^jjjfQj.jj^^ jjqj. Jq j-j^gy appear to be at all proportionate to the 
amount of the gas breathed, nor to its degree of concentration. 
More than this, the results do not stop with the victim ; typhoid 
fever, once started, may extend to we know not how many 
other victims if the right conditions exist to carry it, and this 
brings us face to face with that mooted subject, the germ theory 
of zymotic diseases, a theory so generally accepted by chemists, 
£0 strongly combated by some of the most eminent microscop- 
ists and physiologists. 

Typhoid " That typhoid fever has been caused by the escape of gases 
ci^ydo^ from sewers and cess-pools into houses, seems to me to be proven 
beyond a reasonable doubt. For illustration, in the now famous 
town of Croydon special cases are mentioned (ninth Eep. Med. 
Officer of the Privy Council, 104) where the disease is supposed 
to have been distinctly traced to this cause. The gas was 
Imown to have been driven into the house ; it ' did not smell 
offensively, only a faint, sickly odor being recognized.' In this 
case the gas was driven into the house by a- shower filling the 
conductors with water. Other cases at the same time are be- 
lieved to be traceable to the same source. The odor was gen- 



SEWEK GAS. 31 

erally not rank, ' a faint odor alone being recognized.' I think 
it is generally conceded that typhoid, once started, may" be 
propagated from patient to patient through the medium of the 
evacuations. Now all this is unlike the operation of any known 
chemical compound, gaseoiis or otherwise. Again (from thechoierain 
same report), the outbreak of cholera in the city of London, 
Union Workhouse, in 1866, investigated by Mr. Badcliffe, was 
shown to have taken place, in all probability, from a sudden 
efflux of ' sewer air from a drain containing choleraic evacua- 
tions,' this efflux being caused, or at least favored, by a sudden 
change of atmospheric temperature and pressure. Here again 
the gas, or ' sewer air,' spoken of as the agent, is not necessarily 
a ' gas of decay ; ' yet, if a gas at all, it must have been an 
organic gas, acting as a poison, but how unlike all actual chemi- 
cal poisons, where the agent is a known chemical compound. 

" Again, decay of filth in the dark, and away from free access organic decay 
of air, is supposed to be productive of gases especially danger- '°*''® '*"'''■ 
ous to health, more so than when the decay goes on in the light 
and free air ; and, moreover, that sewer gas is rendered less 
hurtful by a free circulation of air in the sewers. That this 
last is not due to mere dilution, is shown by the deleterious 
character of the gas when diluted only after it enters the 
houses. 

" Considered purely as a chemical question, these facts, if ohemicai as- 
facts, are entirely inexplicable. If the germ theory is accepted, question. 
a plausible explanation is more easy. It is possible to imagine 
a condition of things in decaying organic gases similar to tlaat 
which occurs in decaying organic infusions. It is known that 
such infusions soon swarm with minute organisms, the almost 
universal occurrence of which in such connection gave them 
the general name of " infusoria" and that different forms are infuso.-:a. 
generated according to the different chemical characters of the 
solution. The changing organic compounds in the fluid are 
doubtless the food with which these low organisms are nour- 
ished. Certain specific forms thrive best in certain definite 
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infusions, and appear tliere when given the proper temperature, 
and, once started, they increase and multiply as do other organ- 
isms. 'Now it is easy to imagine an analagous state of affairs in 
orsanio decaying organic gases. Moisture is always an element in the 
unwholesome gases of decay, and along with it are some gases 
that are organic, generated by the breaking xij) of the more 
complex molecules. Their quantity may be small compared 
with the whole volume of gas with which they ai'e mixed, and 
yet sufficient to nourish floating organisms, just as a mere trace 
of solid matter dissolved in much water, making a very weak 
infusion, is often nutritious enough to support its swarms of 
praeticaiben infusoria. If tliis be the case, it may possibly explain the 
■ventuation. anomaly that dilution of gas with air within the sewer renders 
it comparatively harmless, while it may be very poisonous if it 
is diluted only after it enters our houses. Thus if the analogy 
is good that floating organisms, which may be the germs of dis- 
ease, feed on and multiply in the decaying organic gases of 
sewers, as infusoria feed on and multiply in infusions when the 
temperature and degree of concentration are favorable, then 
such floating organisms, after having been once produced in the, 
sewer, and then admitted into the house, would not be destroyed 
by dilution of the gases in which they float, while, on the other 
hand, proper dilution with air within the sewer might, by oxi- 
dation or in other ways, prevent their generation, or at least so 
impair the conditions that they cannot multiply, in harmful 
numbers, 
iraiaria. " The belief that malaria is related in some way to the gases 
of decay, has already been referred to. That it is often so asso- 
ciated in moist air is well enough known. The draining o'f 
swamps and giving the air access to the vegetable mud accumu- 
■ lated in such places, the clearing of land and consequent rapid 
decay of the accumulated leaf-mold, have often been related to 
the existence or spread of malarial diseases. Even the decay- 
ing leaves of our shade trees in the streets are often accused of 
adding to the malaria of a region. In these cases the decay 
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goes on in free air and liglit, and the gaees are diluted to the 
last degree as soon as liberated from the generating mass. Yet 
here, too, Tve can understand how organic gases may be concen ■ 
trated enough, before being poured forth into the atmosphere, 
to give the requisite nourishment to the organisms or "germs." 
Such decaying vegetable matter is very porous ; it contains air 
as a sponge may water, and this air, permeating the decaying Decaying 
substance, cannot be otherwise than highly charged with the 
products of decay, ready to be driven out in several ways. 
Take rotten wood as an example : the measure of its porosity 
is seen in the difference of weight when wet and dry. A little 
experiment tried for another purpose the presejut week may be 
used as illustration. A few days ago, where some Avorkmen wooa pave- 
were repairing the wooden pavement in one of the streets of "™ ^' 
our city, I picked up a few pieces of the half-rotten wooden 
blocks. They were saturated with the water of the recent 
rains. Two pieces weighed, as they came from the pavement, 
respectively 287 and 130J grams. They were then left on the 
table in my study four days, and then yesterday weighed again. 
They were not yet dry by any means, yet they weighed respec- 
tively only 154 and 54^ gi-ams. That is, as thus dried, one will 
absorb 86 per cent., the other (and most decayed) 139 per cent, 
water, before saturation. It is easy to see how much foul air 
in a concentrated form a half-rotten wooden pavement may 
hold, to be driven out by the first shower or by any other cause 
that disturbs the equilibrium of the atmosphere." 

The deadly outbreak of typhoid fever at Over-Darwen, Eng- Typhoia at 
land, in the early part of 1875, gave rise to a discussion of much '^^^■^''^''^■ 
interest on the origin and propagation of febrile diseases. Pro- 
fessor Tyndall, with characteristic enthusiasm, opened the con- Tynaaii's the- 

orv of dlSG3£6 

troversy by announcing it as his opinion that the organisms 
which are assumed to be the immediate cause of fevers, are 
evolved from living blood corpuscles by a process of develop- 
ment, and that such diseases have their origin in the human 
system, practically independent of surrounding miasmata or 
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emanations from decomposing organic matter. It soon became 

evident, however, that the Aveight of scientific opinion "was on 

Beaie's the otlier side. Dr. Lionel S. Beale, whose authority in sncli 

theory. 

matters is much higlier than Professor Tyndall's or perliaps any 
other scientific man in Great Britain, seems to have taken a 
middle ground, and to have discovered that the practical are 
of more importance than the scientific aspects of the question. 
That the poison of fever grows and multiplies after its kind 
like oth^r living things is, he says, a fact established beyond 
controversy; although it is still a matter of dispute among 
original investigators whether it is a microscopic fungus origi- 
nating without, or a living particle rising within and from the 
living matter of, the human system. But whatever may be the 
truth on this point, he insists that human beings are alone 
responsible for the production of these germs and for their 
maintenance and spread ; and that a state of society is conceiv- 
able in which fever germs would neither arise nor multiply, or, 
in the event of their introduction ah extra, would tlieinselves 
perish instead of damaging or destroying the higher life. 
Fever Germs " Fever gcrms," he says, " will not be developed direct from 
filtli, but by permitting people to live year after year in open 
defiance of well-known sanitary laws, the generation of fever 
poison in their bodies is favored, while its free growth and mul- ■ 
tiplication if imported is reduced to a certainty. It is there- 
fore our aim to prevent people from falling into that condition 
of health which favors the organization and propagation of 
contagious fever poisons in their bodies. * * * Although 
we may successfully and without fear contend with fever germs 
if we only preserve our healthy powers of resistance, hundreds 
of human organisms are, through defective sanitary arrange- 
ments, being prepared for invasion." "Bad air and sewage, 
the adjacent dung-heap," concludes Dr. Beale, " may all be per- 
fectly free from fever germs, but nevertheless certainly will 
bring about changes which will render many of those exposed 
to their influence the ready victims of disease. "While, there- 
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fore, it is desirable, by the use of disinfectants and by other 
riieans, to destroy existing fever germs with all possible speed, 
it is certainly of far higher importance, as regards the welfare 
of the people, that we should do our utmost to press upon 
authorities the necessity of providing pure water and efficient 
drainage wherever men congregate. Good water and well-ar- 
ranged sewers render impossible such a calamity as that which 
we have now to deplore at Over-Darwen. Even though the 
inhabitants of a town well drained and supplied with good 
water should be fully exposed to the assaults of hosts of fever 
germs in their highest state of morbid activity, they would 
sufEer no injury." 

The diseases commonly supposed by the medical profession zymotic 
to be caused or propagated by the organic germs resulting from '®'^°'' 
decomposition, and which we may assume are always present 
in sewer gas, are chiefly those classed under the generic name 
of zymotic diseases — a name derived from a Greek word mean- 
ing to ferment. A zymotic disease is any epidemic, endemic, 
.contagious or sporadic affection produced by some morbific 
principle acting on tlie organism and producing results similar 
to fermentation. The most careful investigations and experi- 
ments, extending through many years, have led to the conclu- 
sion, generally accepted by the medical profession in all 
countries, that gaseous poisons {venena aerea) give rise to 
many diseases of the zymotic class, among which are the 
following : 

Cholera Asiatica, Scarlatina, Diseases com- 

^T •, -. T-w • 1 J T . munlcated by 

Cholera morbus. Diphtheria, sewer gas. 

Cholera infantum, Measles, 

Dysentery, Typhoid fever, 

Diarrhoea, « Typhus fever. 

Small-pox, Yellow fever. 

These are by no means the only diseases of the zymotic class 
which might be placed in the list, nor are those given arranged 
in the order of their relative importance. In times of epidemic, 
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Asiatic cholera is the most fatal, while the milder forms of 
cholera are more frequent and, in the aggregate, probably 
more destructive to life. At the time of this writing small- 
rrcvauin" P^^ ^^^ diphtheria are raging as fatal epidemics in many parts 
epidemics. Qf ^i^g country, especially in and about Xew York and in the 
neighboring cities of Xew Jersey and Long Island. There is 
no doubt that the prevalence of these diseases is attributable, 
primarily, to defective drainage. Many parts of the country 
are yearly visited by yellow fever, and the mortality of this 
and kindred diseases is greatest where the most unhealthy con- 
ditions prevail. ISTearly all the diseases on the list have at 
times assumed the form of epidemics. Typhus and typhoid 
fevers are not known to be contagious, but they are among the 
most frequent results of sewer-gas poisoning. 
^ Those who accept the germ theory of disease, even in part, 

explains the can find in it a satisfactory explanation of the deadly power 

daneersof J x ./I 

Bev/ergas. of scwcr gas. Dr. Tliomson, a careful experimenter, found 

organized forms in the air of the sewers of London, and 

although this proves nothing in itself, it is significant when 

taken in connection with the fact that, during the prevalence 

of epidemic diseases in England, their propagation has been 

carried on most rajjidly through sewers and house drains. A 

similar phenomenon occurred under the observation of the 

MTiter a few years ago, which may serve as an illustration of 

the transmission of infection by means of sewer gas. 

Typhoid On the outskirts of a beautiful and generally healthy town 

municated ^^^^ Xew Tork there was a long row of tenements under one 

through a -^.qq^ divided into thirteen separate dwellings. These dwellings 

house drain. ' ±00 

were occupied by the families of men employed on the railroad 
and about the extensive coal docks not far distant. In the 
spring of 1872 a case of tj^hoid fever made its appearance in 
one of the families ; soon another, and then several were 
reported, and the number increased until every house in the 
row was afiected. An examination of the premises was then 
made by a committee of local physicians, at the request of the 
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toAvn authorities, and it was found that under the houses was a 
brick drain common to them all. Connection between this 
drain and the waste pipes of the houses was established by- 
means of glazed earthen pipe of small size, in which the joints 
had been made with bricklayers' mortar. Noiie, of these joints ' 
wei'e tight. In each house there was one slop hopper, which 
also discharged into the drain. The plumbing work had been 
done in the cheapest manner possible, and while the waste 
pipes leading from the kitchen sinlcs and slop hoppers of each 
house Avere trapped, the pipes were so thin and had sagged so 
much by their own weight that in every case but one a dash of 
water would have been quite likely to empty the traps, either 
by direct downward flow or by syphoning. Communication 
was thus opened from one house to another throxigh an unventi- 
lated drain, and although intercourse was not permitted 
between the inmates of houses free from fever and those in 
which it had made its appearanccj the germs of disease, con- 
tained in the excreta of those first attacked — which had been 
thrown into the slop hoppers — had foUnd a means of access 
which had escaped the vigilance of the physicians. 

In country districts the germs of typhoid fever are most fre- 
quently communicated to the human system through drinking Disease 
water drawn from wells and springs contaminated with organic ariXms 
impurities. This also occurs to a great extent in cities and'^^*^'^" 
small towns not pi'ovided \vith water works, and in which the 
inhabitants are dependent upon wells necessarily sunk in close 
proximity to privy vaults and cesspools for the reception of 
house drainage. In cities drained by sewers and supplied by 
water works there is little chance, except when the most inex- 
cusable carelessness has been manifested by builders and 
plumbers, of any contamination of. the water, unless drawn 
from polluted sources, and if the sewers are well ventilated and sewer gas 
the house connections properly made, there seems to be no preventable 
reason why the public health should suffer froiu any cause *" "*'®'" 
traceable to sewage. But sewers are seldom well ventilated in 
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this country, and liouse connections witli sewers are not 
always, if often, so made as to offer effective opposition to tlio 
inflow of poisonous gases generated in these channels of pollu- 
tion under our streets. The first step in the direction of 
reform should be the thorough ventilation of the sewers, and 
tlien any improvement in the character of the plumbing work 
in houses and dwellings will be more likely to. accomplish the 
results desired. 
The drainase Tlio liistory of the Sanitary works of Croydon, England 
roy on. (-[jg-fQj.g referred to in an extract from Pi'of. Brewer's paper), 
shows very clearly the importance of sewer ventilation. This 
was formerly a very healthy town, but as the work of providing 
it with sewers approached completion an epidemic of typhoid 
fever broke out. Latham, in his excellent work on Sanitary 
Engineering, which I consider one of the most valuable of 
recent contributions to the literature of this very important sub- 
ject, gives the following account of the effect of ventilating the 
sewers in diminishing the death rate of that city : 

" The mortality of Croydon rose from 18'53 per thousand in 
1851 to 28-57 per thousand in 1853. Those early sewer works 
were designed on the principle that all matters were to be so 
Formation of rapidly discharged from the sewers, and the sewers flushed 
m^ventedby with such a copious Supply of water, that decomposition could 
flushing. j^Q^ ^gj^Q place, and therefore it was thought that sewer gas 
would never be present ; but in practice this theory was not 
found to be borne out, and it is a remarkable coincidence as to 
the cause of the frequent outbreaks of fever in Croydon which 
took place at certain intervals imtil the year .1866, when the 
sewers were thoroughly ventilated, that diseases which formerly 
made their haunt in the low-lying districts were transferred. 
Typhoid after the completion of the drainage works, to the highest or 
ta^g^the unis best portions of the town, thereby establishing the fact that the 
of sewers. pj.gggnce of the discasc in the high localities was due to some- 
thing carried in the air of the sewers, which, in obedience to a 
natural law, accumulated in the highest part of the district. 
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It may be said that, as Croydon was sewered on the small-pipo 
system, the result of non-ventilation was attended with more 
marked results than is the case in towns where sewers of larger 
size are in vogue, as the fluctuations in the rate of flow and the 
effects of sudden changes of temperature, which have an 
extraordinary influence on the air of sewers, in this case exer- 
cised a more marked effect in increasing the pressure of the 
imprisoned sewer air. 

" "With regard to the results that have arisen when ventila-Boneaoiaiet- 
tion of sewers has been adopted, the case of Oroydon shows ventuation. 
clearly that proper ventilation has been attended with very 
beneficial results. Since the introduction of systematic ventila- 
tion there have been no periodical outbreaks of fever, and the 
general rate of mortality has so declined that, in a district 
having a population of nearly 60,000 persons, the rate of mor- 
tality rarely exceeds 18 in the 1000, which is a standard 
of health unparalleled in sanitary science for a district having 
so large a population. The example of London affords another 
striking example as to the influence of sewer ventilation, mcj example 
Here the sewers are ventilated, though no general j)lan is ° 
adopted for dealing with the noxious effluvia escaping from 
the ventilators, and yet London stands at the head of all large 
towns by-^ reason of its small death rate, which has been 
ascribed by more than one eminent authority to the somewhat 
rude ventilation provided for the sewers." 

I think I may say, without doing any injustice to our civil sewer venti- 

,, ; . • j_ 1 • J.T • latlon not ap- 

engmeers, that sewer ventilation is not appreciated m tins predated m 
country in proportion to its importance. Certain it is that our states. 
public authorities are too generally indifferent to it, and no 
l^lan has been proposed which has secured general adoption, 
except that of ventilating through perforations in the man-hole 
covers. Most of those who have ventured to propose plans 
of sewer ventilation have been ignorant of the conditions 
which must be observed to secure the results desired. Like 
most matters connected with sanitary engineering, the ventila- 
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tion of sewers seems to be more generally discussed than 
understood. Every little while men who should know better 

Impraotloa- . "^ _ 

bie plans (or write letters to the newspapers, urging upon the attention of 

aewerventi- , , , , , . . , ' ? '^ .f . , , 

lation. the health authorities the plan of ventilating sewers through 
the chimneys of furnaces provided for the purpose, and illus- 
trating the practicability of the system by comparing sewer 
ventilation to the ventilation of mines. This oft-invented 
plan is an old one, having been practically tried and abandoned 
several years ago in England. The fallacy of the idea is 
found in the fact that the ventilation of a system of sewers 
presents us a problem in no respect analogous to the ventilation 
of mines. In a mine we can direct an air current from passage 
to passage along its entire length, so that each gallery shall be 
swept over by a current of air entering at the downcast shaft 
and drawn out at the upcast. A system of sewers, on the con- 
toexhaust trary, may be likened to a tree and its branches. From the 

clilmneys. ." ./ 

main sewers extend the laterals in all directions, and these, in 
turn, become the mains for smaller sewers, until a whole 
district is covered with an intricate network of sewers and 
drains, ending, in whatever direction we may follow it, in the 
soil pipe of a house. These laterals vastly exceed, in their 
aggregate area, that of the mains into which they discharge. 
Now, to produce even a perceptible flow of air through these 
laterals in the direction of ventilating shafts established at 
points on the main sewers — say, a current moving at the rate of 
one mile an hour — ^we should have to maintain in the main 
sewers a perfect hurricane. Any engineer who will study a 
plan of the sewage system of any of the New York wards, will 
see at once the hopelessness of an attempt to apply mine venti- 
lation to them. 

Another and very important objection to this jilan is found 
in the .fact that even if we could maintain by artificial means 
an outflow from the sewers, we should not secure as good a 
result as would be attained by simply providing openings and 
allowing the sewers to ventilate themselves. The sewers are 
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continually " breathing." At times they draw air in with con- 
siderable force ; at other times they expel the air with a force sewera 
great enough, if resisted by obstructions at the openings in the breathtag^ 
man-hole covers, to displace the seal of any water trap in use. 
Hence the folly of seeking to produce by artificial means effects 
which nature is ready to ■accomplish unaided, if we will only 
give her an opportunity. Furnaces, blowers, exhaust fans, and 
other mechanical apparatus for exhausting the air in sewers or 
forcing fresh air into them, are expedients which suggest them- 
selves to those ignorant of the construction of sewers and of the 
operations going on within them. They have all been tried 
with extreme care and have failed utterly, and yet sewers may 
be perfectly ventilated by means of simple openings. If every The simplest 
man-hole cover in our streets were replaced with a grating, as best. 
open as might be consistent with strength, and these were kept 
free from ice, snow and mud by men employed for the purpose, 
and every house owner were required to vent his soil pipe (un- 
obstructed by any form of trap along its line) above his roof, 
the ventilation of our sewers would be accomplished. The 
labor spent in devising other means of attaining this result 
is very likely to be wasted. 

The only possible objection to sewer ventilation is, of course, 
based upon the assumption that the air from the sewers would 
carry with it noxious gases and organic germs to poison the sur- 
rounding atmosphere. This objection is less serious than is 
commonly supposed, as the organic germs in sewer .gas are 
quickly oxidized and destroyed by contact with fresh air. 

The question of sewer ventilation is, however, one which the 
individual citizen is not called upon to decide. All that he can 
do in the matter is to see that his house is properly drained ; 
and in such portions of this book as relate to drainage, the 
author has endeavored to deal with existing conditions — one of 
which is assumed to be defective sewer ventilation. 

"Were it desirable to multiply testimony respecting the dan- 
. gerous effects of sewer gas when permitted to mingle with the 
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confined air of onr — as the rule — badly-ventilated dwellings, 
this chapter might be extended to indefinite limits. The fact 
is too generally conceded, however, to need the confirmation of 
abundant proof. 

In determining whether sewer gas is present in the air or not, 
dependence is too generally placed upon the sense of smell. 
The absence The nose is a much-abused but very useful organ, and, if prop- 
no proof of erly cultivated, is of great service in the work of sanitary 
good piimb- inspection ; but the fact that the air of a house is ordinarily 
free from unpleasant odors does not prove that disease germs, 
generated in the sewers, cannot find means of access to them. 
Two instances will serve by way of illustration. In 1874: a 
manufacturer, doing business in one of the upper wards of New 
York, had occasion to employ crude petroleum for some pur- 
pose, a portion of which, being useless to him and of little 
rctroioum in intrinsic value, he allowed to run into the sewers. Immedi- 
"* " ''^ewer. ately complaint was made to the Sanitary Superintendent of 
the Board of Health that every house in the neighborhood 
was filled with the smell of petroleum residuum, and petitions 
were sent in praying that the nuisance might be abated and the 
manufacturer enjoined from running any more of the offensive 
refuse into the sewers. The smell of the petroleum could only 
find its way into the houses through waste pipes communicating 
A nuisance directly and indirectly with the sewers, and its presence only 
danger. Called attention to the fact that the traps afforded no effectual 
protection against the infiux of sewer air. The gentleman at 
that time filling the ofiice of Sanitary Superintendent, sug- 
gested to the committee of house owners and tenants who 
waited upon him with their petitions, that the offending manu- 
facturer deserved a vote of thanks for having called their atten- 
tion to an evil of which they had previously been ignorant ; 
but they insisted upon having the nuisance abated, and when it 
was done they probably relapsed into the comfortable indiffer- 
ence to the condition of the plumbing work in their houses 
from which they had been temporarily aroused by an unpleas- 
ant but, in itself considered, harmless smell. 
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The other case is somewhat shnilar to the one already men- 
tioned. At the time of this writing there is an oil refinery on 
the Long Island side of the East Kiver, which runs the unsal- 
able residuum of the refining process into a sewer which drains Potroieum m 
a populous section of the Eastern District of Brooklyn. "When burgii sewer. 
the tide is low, uncovering the mouth of the sewer, and the 
wind is from the west, the smell of petroleum is unpleasantly 
noticeable in the bath-rooms and water-closets of nine-tenths of 
the houses in a district of considerable extent and containing a 
large resident population. "Wherever the smell makes it way, 
we may safely conclude that it carries with it poisons capable of 
producing sickness and, under favorable circumstances, of de- 
stroying life. 

In the discussion of questions connected with sanitary engi- 
neering and public health, it is important to avoid a confusion 
of ideas growing out of a failure to discriminate between the 
abuses of the sewage system and the system itself. "We should / 

not be led by failures in engineering and plumbing to denounce 
the modern improvements which have rendered water servico- 
and house drainage possible. Breslau and Munich are to-day conditiono 
suffering nearly double the death rate of London and Vienna ; tue health 
and yet Breslau and Munich have but little house plumbing, and 
place their cloacal nuisances outside their dwellings. The popu- 
lation of London, on the other hand, depends almost wholly upon 
indoor systems of water-closets and house drains j while Vienna 
has reduced its mortality over 30 per cent, by the provision of 
an over-abundant water supply from the mountains, flushing the 
house drains and sewers and supplying pure water in excess of 
all wants. London, Paris, and the parts of Glasgow, Berlin 
and Liverpool which have an ample water supply at high pres- 
' sures, are for the same reason as Vienna nearly as healthful as 
the most favored rural districts. Here also we find the best 
sanitary engineering and the best plumbing. 



CHAPTER III. 

Waste and Soil Pipes. 

Those who have given the subject of house drainage any 
attention do not need to be told that while the plumber may 

Importance ^ _ ± */ 

of good unskillf ully perform many parts of his work with no greater 

drainage. - . . t . „ , 

resulting mischief than a perpetual inconvenience to those who 
live in the houses in which he makes his ignorance conspicuous, 
any deviation from good workmanship in the waste pipe system 
may prove a perpetual menace to health and even life. In the 
Traps and succeeding chapter I shall speak of traps and seals, and of the 
' method of ventilation by which the gaseous emanations of the 
sewers are conducted away from the points at which they are 
otherwise likely to exert a pressure great enough to displace or 
pass through the water seals upon which we rely, to a great 
extent, for protection against the inflow of foul air currents, 
In this chapter I shall speak of the selection of suitable pipes, 
the uniting of the lengths by water and gas tight joints, and 
the avoidance of all causes of obstruction and leakage. 
Leadwante ^^^ Small waste pipes the material generally employed is 
pipes, lead. It can be easiest bent, joined, cut and otherwise manipu- 
lated, and cannot do any damage by parting with poisonous 
salts to the waste water brought in contact with it. The size 
and weight of lead pipe used should be determined with refer- 
ence to the service expected of it. A waste pipe should never 

Relation of ^ . 

Bize and be SO Small as to retard the outflow of water or become easily 

weight to 

Toiumo of choked ; nor so hght as to be rapidlj destroyed by corrosion, or 
broken from any cause. In my judgment, based >upon a some- 
what careful examination of good plumbing work, the best 
sizes and weights for general use are the following : 

Diameter. Weight per foot. 

Sizes adapted ipov bath wastes li in. 3 lbs. 

to various 



uses. 



" overflows 1 J in 2-^ lbs. 
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Diameter. 'Weiglit per foot. 

For basin wastes IJ to 1^ in. 2^ to 3 lbs. 

" " overflows IJ in. 2|- lbs. 

" wasb-tub wastes 2 in. 3 lbs. 

For kitchen sink wastes it is generally advisable to use tbree- Traps in 
inch pipe, with the exception of the section containing the jm^ wastes, 
trap, which should be two and one-half inches in diameter, in 
order that anything forced out of the trap shall not lodge 
further along and again obstruct the flow in a less accessible 
place. It is a very common practice among slovenly kitchen 
servants to remove the brass strainers and brush all sorts of obstructions 
greasy waste matter not valuable as soap grease into the pipe, ^ast'es. 
Consequently its stoppage by an accumulation of solid matter 
in the trap, which defies boiling water and sal soda, is in many 
houses a matter of almost daily occurrence. These accumula- 
tions will sometimes form even with good and careful manage- 
ment, and to avoid serious trouble it is desirable to make the 
trap at least one-half inch smaller than the body of the pipe 
below it, and place it near the strainer so that a, short flexible 
rod of any kind may be passed into it. When trap screws are Trap screws.. 
provided this precaution is unnecessary, as accumulations can 
then be cleaned out of the trap without forcing them into the 
pipe. A still better arrangement is what is known as the grease Grease traps, 
trap, which has many advantages but is not generally used. 
This is a vessel receiving the waste water of a sink and having 
its outlet from the bottom through a pipe rising nearly as high 
as the top of the trap. As greasy substances are lighter than 
water, they float and assume a semi-solid consistence inside the 
receiving vessel while the water below passes off readily. This 
device saves the fatty matter, which for soap making is of con- 
siderable value in the domestic economy. 

For large waste and soil pipes, cast iron is the material which cast iron 

, , .- ._ waste ptpes^ 

for about fifteen years has been almost exclusively used in IS ew 
York and vicinity. Its advantages over lead are many. In the 
first place it is cheaper, which is an important consideration ; 
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but its chief superiority consists in the fact that it is lighter, 
Leadnot stiffcr, Stronger and less liable to accidental iniury. Thin lead 

adapted for . ' ^ ° ^ „ , ^ ^ . 

large sizea. pipe of large diameter is necessarily weak, it sags by its own 
weight and often breaks from inherent weakness. Heavy lead 
pipe of sufficient size is both too costly and too heavy for use, 
and, owing to the weakness of the material, there is great diffi- 
culty in securely fixing it in any position in which its weight 
Superiority falls upon the f astcuings. Iron pipe is wholly free from these 
ron p pe. Q-{jjgg^jQ^g_ j^; jg strong, Stiff, and corrodes so slowly that, if of 
proper weight and good quality, it Avill ordinarily last as long 
as a house. "We could scarcely wish for a better material. It 
is easily cast into any desired shape, and the requirements of 
plumbers have been so fully anticipated by the founders that it 
is very rare to find an architect's specifications calling for any 
form of pipe, joint, trap, Yj branch or bend, which is not kept 
in stock, or which, if not in stock, cannot be fashioned by com- 
iron cast biuatious of parts already made. One of our iron founders 
required told me, ouly 0, fcw days previous to this writing, that he was 
^ "'^' almost daily in receipt of orders to cast special shapes of pipe 
sections and joints, but rarely found it necessary to make a new 
pattern. If he did not have exactly the article wanted, he 
could almost always make it by putting two or three pieces 
together, no matter what the use for which it was intended or 
the position in which it was to be placed. 

But while we have in cast iron a material which, all things 

conditions of considered, is as good as we could want, the efficiency and safety 

use of iron of a line of cast-iron soil pipe depend in a great degree upon 

^ '^^' the manner in which it is set up and joined. Probably every 

practical plumber in the country knows how to make a tight 

and permanent joint in iron pipe, which, for convenience in 

handling, is cast in short lengths, but they do not always do it. 

Careless join- In somo instauces I have seen the lengths set into each other 

*"^°"™^''' without any attempt to make joints at all. The consequences 

of such slovenly workmanship may be serious and far reaching. 

Such connections, while they do not often leak water — which 
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is much to be regretted — afford a free outlet for the gases of 
the sewer and drain. These gases rise along the sides of the Escape of 
pipe, spread between floor timbers and practically distribute from'aeteo- 
themselves over the entire house, vitiating and poisoning the air 
of living and sleeping rooms. There are many houses which 
are saturated, so to speak, with sewer gas escaping from loose 
or defective joints in soil pipes, and the evil is one against 
which architects and builders, as well as plumbers, should care- 
fully guard. 

There are several ways of making good joints in cast-iron Methods of 
pipe. There are also several methods m common use which joints, 
cannot be depended. upon, and which siiould not be employed 
under any circumstances. Those whicli are good, as well as 
those which are not, may be briefly described as follows : 

In making a joint with melted lead, a gasket of oakum, tow L^ad joints, 
or other fiber should be inserted in the cavity of the hub, and 
the spigot end of the length next above it set firmly down upon 
it ; or the gasket may be forced in with a suitable tool after the Gaskets, 
lengths are set up. Its utility is to keep the melted lead from 
running out of the joint and obstructing the bore of the pipe 
at some point below. Upon the gasket the lead is poured from 
a ladle, and at this point too many plumbers rest satisfied, 
thinking they have made a lead joint. Lead, however, is a 
metal which shrinks in cooling; moisture or dirt will pre- ^''■^'"'^^se 

° '■of lead In 

vent its adhering to the iron, and no good workman will con- cooimg. 
sider the joint made until he has finished it by carefully calking 
all around it. With a suitable calking tool, the lead is expanded cai^ins- 
cold until it fills the joints as perfectly as a gold plug fills the 
cavity of a tooth upon which a skillful dentist has operated. 

The tightness and strength of a lead joint depend in great Quantity of 
degree upon the use of plenty of lead and the manner in which 
the calking is done. In good work it is necessary to use a 
pound of lead to each inch of the inside diameter of the pipe. 
Such, at least, is the general experience. A joint in 3-inch pipe 
requires three pounds of lead, in 4-inch four pounds, and so on 
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up to the large sizes. In calculating the amount of metal to be 
Auowance poured, it is safe to allow one pound in three, or two pounds in 

for waste. . . _^ , . , ■. i •^^ •^^ 

SIX, lor waste. Ine amount which a good worJiman will spill 
in pouring is not, probably, as great as this, but one pound in 
three is not an excessive margin for loss. 

In the. opinion of many good workmen, a joint should never 

be filled by two pourings when it is possible to make it with 

one ladleful. This is a mistake. "When a little extra time can 

FiuinK Joints ije given to make the job first class, two pourings are better 

pourings, than one. I know a very expert practical plumber whose 

method of calking in first-class work is to pour in enough metal 

to form a ring, say half an inch thick, calk this all around, then 

fill the joint with metal and calk again. In iron pipe, a good 

Good fitting deep hub with a small play between it and the ring on the 

pipe t)ie best. , -, •' i t c i i -rm i 

spigot end, is the best for good work. When the pipe goes 
together loosely, there is more difficulty in keeping the lead 
from running into it and obstructing the water-way. There 
are several firms in this country having a high and well-deserved 
reputation for the cast-iron pipe made by them. 
Joints made The use of alloys which expand in cooling has been suggested 
ing auoys. f or making joints in cast-iron pipe. The idea is a good one 
theoretically, and would, doubtless, be found to work practically. 
The principal objection to this method is that most of the alloys 
which possess the property of expanding in cooling are expen- 
sive. Old type metal is probably the cheapest form in which 
such an alloy can be bought, but is too hard and brittle 
owing to the' percentage of antimony it contains. Such joints 
would enable careless or slovenly plumbers to dispense with the 
labor of calking ; but lead properly put in and expanded by 
tools of the right shape, is good enough and will last as long as 
the pipe. 
Bed lead Joints well Calked with red lead are tight and durable under 
°' ordinary conditions. Mixed with oil to the proper consistence, 
about that of fresh glaziers' putty, the red lead is worked down 
into the joint with a calking tool, and unless the space to be 



WASTE AND SOIL PIPES. 49 

filled is very large, the joint will be tight. I do not, however, 
consider this as good as the method previously described, for 
the/ reason that, if the pipes are moved a little, or shaken from 
any cause, there is great danger that red lead joints will be 
broken. Such possibilities of accidents must be guarded against. 

Putty joints are sometimes met with in very cheap plumbing putty joints, 
work ; but as such joints should never be made, the method of 
making them need not be described. The same is true ofmor- Mortar joints, 
tar joints, which are, if anything, worse than no joints at all, 
because they give rise to a mistaken sense of security 
among those who are so ignorant and at the same time so credu- 
lous as to believe whatever a dishonest contractor may tell them. 
With the expansion and contraction of a pipe, mortar or cement 
cracks and leaves the joint practically open. I would condemn 
with equal severity joints made with Portland cement when cement 
lengths of cast iron pipe are to be united. This cement is 
probably the best substance for uniting lengths of earthen pipes 
for land drainage and other purposes, but it is not adapted to 
iron. It is pervious to both gases and liquids to some extent, 
and as it expands and contracts differently from iron, it soon 
cracks and crumbles, leaving the joint open. 

Joints made with rubber washers have been used to a consid- 
erable extent in the West, and attempts have been made to Rubber wash- 
introduce the washers in the New York and other Eastern mar- 
kets, but they have not been regarded with much favor. The 
washers are rings of vulcanized India rubber, cylindrical in sec- 
tion, so that they easily roll when slipped on the end of a pipe, 
and completely close the space bfetween the spigot and the sides 
of. the hub into which they are inserted. Being elastic, these 
rings permit any amount of contraction and expansion possible 
in cast-iron pipe, and probably keep the joint tight for a con- 
siderable time. The principal objection of intelligent plumbers 
to this form of joint, is based upon the fact that it is diflBcult 
to procure pure India rubber, well cured. How far this objec- 
tion is valid I am not in a position to say. Were the rings 
4 
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intended for use in positions in whicli tliej would be constantly 
submerged, I should not hesitate to trust them. As it is, I have 
doubts. Lead is certainly a great deal safer and, consequently, 
a great deal better. 
Kust Joints. Eust joints may be made by means of a mixture of sal ain- 
ononiac, sulphur flowers and iron borings. Such joints are tight 
without doubt, since they make a line of pipe one continuous 
and rigid piece. It is for this reason that many plmxibers 
object to them. They assert that a pipe united with rust joints 
Difficulty of cannot be taken apart without great danger of destroying it, as 
separa on. ^^ breaking of a well-made rust joint is an extremely diflacult 
operation, and that if it is necessary to open the pipe at any 
point, the whole may be destroyed. Eust joints can be sepa- 
rated, but it is a delicate and difficult task, involving much care 
and labor, and one always attended with some danger to the 
pipe. This kind of joint is, I believe, the only one which can 
Eust joints be depended upon in pipes which receive the exhaust of steam 
•wiiich receive engines. In such cases lead joints are almost certain to come 
^ste"^. apart. "With regard to the difficulty of separating them, it 
does not seem to me much greater than in the case of well- 
calked lead joints. The only way to get a lead joint apart is to 
melt it, and the pipe is often so placed that the plumber dare 
not apply lire to it. In that case it must be broken. 
Sulphur and Sulphur and pitch joints have been made with a composition 
pitch joints, consisting of equal parts of these substances. This composition 
is used to some extent in the arts for making joints analogous 
to those in soil pipes, and if we must have cheap and bad work 
there is no doubt that suljDhur and pitch joints would be 
Cheap filling far better than those made with putty, mortar or cement, 
for joints. Q^^gj, gi^gj^p substances might be used, but when the plumber 
ventures any experiments in this direction he should be sure 
Qualities that the material he uses is not decomposed by sewer gas, that 
it contains no volatile constituents, and that in drying it does 
not shrink nor crack nor become rigid and unelastic. ITntil he 
has determined these qualities by tests which admit of no mis- 
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take, he would do well to \isc only the best materials employed 
by the trade and which experience has shown to be adapted to 
the purpose. 

In setting up a line of soil pipe, intelligent provision should 
always be made for the expansion and contraction of the metal Expansion 
resulting from changes of temperature. These changes, how- tion otVoT 
ever, are seldom sudden or extreme, but when the pipe is at ^'^®" 
any point rigidly fastened to the wall it expands in both direc- 
tions. The amount of motion at the ends is small, but it must 
be provided for or it will provide for itself. The power with 
wliich iron expands as its temperature is raised, is practically 
irresistible. The end of a pipe may not move more than an 
eighth or a sixteenth of an inch, but the power with which it 
moves that distance is so great that it can oidy be resisted by a 
power great enough to crush the metal. This would be, in 
ordinary cases, equal to about 75,000 pounds per square ipch, 
the strength of cast iron to resist crushing strains being from 
60,000 to 90,000 pounds per square inch. Consequently, we 
see that unless the fastenings at the ends of a line of cast-iron 
pipe are of such a character as to admit of slight movement, 
something must give way, and it is not hkely to be the pipe. 
This, then, must be provided for in the character and position 
of the fastenings, which must be so arranged that, while allow- 
ing for some movement, they shall not develop a tendency to 
break or loosen the joints. Under ordinary conditions the conditions 
amount of expansion is seldom great enough to give much trou- ^latosfex- 
ble, but when steam or a great volume of very hot water wastes '^^^'°"'- 
into an iron pipe, it is sometimes great enough to loosen joints 
and even crack the pipe. 

In good practice a vertical line of soil pipe should be set on supports tor 
iron flanges, one to each length. There is always more danger of ^n p'lpeT 
of having too few than too many. In much of the work which 
has come under my notice, dependence has been placed almost 
wholly upon pipe-hooks, which are very good for keeping a pipe nooks, 
pipe steady, but are not to be trusted for carrying any consider- 
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able weight. There are sundry patented devices for sustaining 
Patented de- vertical pipes against flat walls, in recesses and in corners, 
porting pipes, which, SO far as I can speak from experience, are mostly useful 
and practical inventions. Of the proper methods of supporting 
lines of pipe laid on grades nearly horizontal, I shall speak 
further on. 

When the small waste pipes are of lead, and the main waste 

or soil pipe is of iron, as is found in most examples of good 

connectinj plumbing practice, it is necessary to make connections between 

Iron and lead. i-iinii • -i ii ti mi-- 

them which shall be tight, strong and durable, ihis is a mat- 
ter of great importance, but in much of the cheap contract 
work of the time we are very apt to find careless workmanship 
at this point. A safe method of connecting lead and iron pipe 
Brass ferrules is by means of the tinned brass ferrule. The taper end of ,the 
ferrule is slipped into the end of the lead pipe and soldered 
fast. The other end, which is provided with a flange, drops 
into the hub of the soil-pipe branch and is secured in place by 
Copper and a wcU-calkcd lead joint. Copper and iron ferrules are also used ; 
' but while copper is better than iron it is not so good as brass. 
A joint made by this method is safe and durable, and will never 
need repairing until the pipes themselves give out. A cheaper 
method, and one which is probably just as good when properly 
employed, is to substitute an iron ring for the ferrule. In set- 
Ends of pipe ting up a line of iron pipe, it is almost always necessary to cut 
tute for ofl: one or more ends, making rings a few inches wide. One of 
err es. ^j^^gg riugs, or colkrs, is slipped on the end of the lead pipe, 
which is turned over it. Thus reinforced, the end of the lead 
pipe is slipped into the hub of the soil-pipe branch, and the 
joint is calked in the ordinary manner — the iron collar answer- 
ing every purpose of the ferrule, and utilizing an otherwise 
waste piece of metal. Perfect joints may be made by this 
method, which can be recommended with confidence. 
No objection Much of the objection which theoretical sanitarians have 
"le^dcTn- made against the use of cast-iron soil pipes is founded on the 
Elections. ]Jg;^Jgf ^-j^^^^ bccausc they cannot be soldered together or to lead, 
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it is impossible to make tight joints between the lengths or 
with lead connections. No such dtfiBculty exists in practice. 
Every plumber knows this, and the statement is made merely 
because a great many who are not plumbers have mistaken 
ideas upon this subject. 

In connecting an iron water-closet receiver or hopper with a conneeHn^ 
lead waste containing a trap, we have a problem analogous to ^^ w^e*^ 
that already considered, but the method employed must be*'"'^- 
somewhat different. The pipe is brought up through the floor 
and, in tirst-class work, through the bottom of a lead safe, to 
Avhich it is soldered. "WTien no safe is used, the end of the pipe 
is expanded, so as to form a broad flange resting on the floor, 
and this is thickly covered with putty. The nozzle of the hop- 
per or receiver is then set into the mouth of the pipe, and is 
firmly secured to the floor by means of screws which pass 
through the iron flange and through the flange of lead formed 
by expanding the pipe. If the putty is properly applied and 
the closet firmly screwed down, the joint wiU be tight and per- 
manent. Good white-lead putty, tightly compressed, will make pntty. 
a joint which will be steam tight for years, and I know of no 
good reason why such a joint should not be both water and gas 
tight as long as it remains unbroken. India-rubber washers Bobber 
have sometimes been used in such joints, but I should consider ^^'^^'^• 
putty, properly applied, quite as good, if not better. When 
lead safes are used, the lead pipe, as I have already said, is 
soldered fast to it, with or without flanging, as the plumber 
may prefer. The joint is then made as already described. In 
no case should the weight of the pipe, with its water seal, be joints not 
allowed to come upon the joint. If not secured to the floor, it ^pipa3^' 
should have an independent support of some kind under the 
bend of the trap. Among the instances of bad plumbing which 
have come under my notice, I have seen cases in which the 
whole weight of a 4-inch lead pipe connecting a water-closet Examples of 
with a soil-pipe branch — so thin as to be scarce able to sustain praJace. 
its own weight and with four or five pounds of water in the 
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trap— has been allowed to liang from a joint in which the 
only dejDcndence was upon the cohesion of putty. , That only 
a fool or a knave would do such work — even by contract — is a 
fact too evident to need the support of argument. 

In the ordinary plumbing of a house there is no part of the 
work which is so liable to be slighted, or so likely to give rise 
Overflows to couditions unfavorable to health, as the overflows. In jobs 
wastes of work of Otherwise unexceptionable character, the overflows 
are often the weak points, and through them the sewer gas finds 
its way into the house. In the cheaper classes of work, both in 
New York and Brooklyn, I have seen houses so piped that the 
overflows had direct and untrapped communication with the 
sewer. When safe wastes are connected with traps, they are at 
times as great a source of trouble as the overflows. "With the 
trap dry, from any cause, it may be necessary to put in the 
plug of the fixture to make a seal, which would be effectual but 
for the overflow and safe waste, which admit the sewer gases 
freely. These openings are usually so located and of such 
shape that it is a difficult matter to close them perfectly, and 
under such conditions the householder feels that he has abso- 
lutely no protection. In summer, when a house is to be closed, 
perhaps for weeks at a time, it is almost certain that evapora- 
tion will unseal traps, and then, in spite of plugs or other jDre- 
cautions, the house is open to the enemy. Some two years since 
Examples of I had occasiou to examine the plumbing of a number of houses, 
maMUp. the rent of which varied from $700 to $1000. I found that 
on the second floors neither basins nor bath tubs were provided 
with traps, and when the plugs were used to cut off the gases 
the then unexpected difficulty of the overflows presented itself. 
A short time since a friend of mine moved into a house plumbed 
in this style, and was soon compelled to invent something that 
would make the place safe to live in. The first thing done was 
Closing to cover all the overflows. This was accomplished with putty 
orerflowB. .^ gQj^g cascs, and in other cases with pieces of muslin put on 
with shellac varnish. The plugs were kept in all the time, 
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except when removed to discharge waste water, and a. little 
clean water drawn upon them to make certain that they were 
properly seated. By keeping the water-closet cover closed, in 
addition to frequent flushing, the house was rendered compara- 
tively free from the faint, depressing odors of sewer gas. I 
have been thus particular in describing a case in point, as the 
means employed may be of service in similar instances. The 
plumber will at once think of the dangers attending the closing 
of all overflows, and it was not without some misgivings that 
the plan was adopted. The worst that can happen, however, is 
the destruction of walls and ceilings, and if due care is exer- 
cised this will never happen, especially if the whole household 
are aware of the new dangers attendant upon the closing of the 
overflows. These dangers are small as compared with those 
likely to arise from the introduction of sewer gas into the 
house. 

In the best water-closets in the market, the weak place is water-cioset 
generally found in the overflow. Were it not for their over- 
flows, some of these would be absolutely impregnable to sewer 
gases under the heaviest pressures. Slight as the danger is 
from this source in good water-closets, and small as is the risk 
in cases where the plumbing is honestly and intelligently done, 
I think it is possible tO' arrange the plumbing work so that an 
escape of sewer gas into the house cannot take place through 
the overflows, at least. The plan is this : Make all overflows how to pro- 
a system by themselves, allowing none to enter the soil pipe or wastoof ovoj- 
its branches. Into the overflow system take also the safe safes, 
wastes, which are all brought together and run into the cellar 
at some convenient point where they can be allowed to empty 
into a tank holding from, say, 10 to 20 gallons. In case any 
tub or basin runs over, the water at once finds its way to the 
tank in the basement or cellar. Here is, of course, perfect 
safety, so far as immunity from returning gases is concerned. 
There are some other precautions, however, to be taken. The 
outfall of the waste water must be so located that when running 
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the noise shall be heard, or attract attention in some way. The 
water may in some cases be arranged so as to flow directly into 
the street, and thus escape the necessity of a sewer connection 
for the overflow pipes within the house. Where the tank is 
located within the cellar, it can be connected with the soil pipe 
by means of a pipe closed by a cock. This should be arranged 
by means of a float, so that the cock will be opened before the 
tank is full, and closed when it is empty or nearly so. Thus 
the sewer connection is entirely cut ofE, while at the same time 
the overflow water has a free escape. With a house thus 
arranged several things are possible which could not be 
obtained by the ordinary system. For example, if it is desired 
to leave the fixtures unused for any length of time, we can put 
in all the plugs in basins, sinks and tubs, and thus entirely 
exclude sewer gas, while no risk of overflowing is incurred. 
From water-closets provided with tight-seating valves, there is 
no danger save from the overflows which are sealed with water 
only, and where these overflows are arranged in the manner we 
have described, a house with such fixtures is safe for any 
length of time. ISTeither the breaking of seals by pressure nor 
their evaporation would cause any leakage of gas, the sewer 
being entirely cut off from the house. 

Automatic In some very costly work I have seen arrangements for auto- 
safe and over- matically flushing the safe wastes. They are supplied with 

owwas es. ^^^gj, -j^y ^ gervice-pipc branch, and in the case of water-closets 
the opening of the valve allows a quantity of water to pass into 
the safe and thence into the safe waste. This seems to me a 
clumsy method of accomplishing what should never be neces- 
sary. The overflow and safe waste are only provided to guard 
against accidents, and the water passing through them can be 
easily disposed of without giving these pipes a direct connec- 
tion with the sewer. 

A line of soil pipe extending up through a house should, if 
possible, be so placed as to be easily accessible on all sides. 
This is a matter for the architect to look after. A very common 
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practice is to set them in niches, or recesses, built in the walls. 

To this some plumbers make no objection ; but a majority of setting pipes 

those who believe in doing good work, and know how to do it, 

condemn this disposition of the pipes in unmeasured terms. 

The plan is objectionable in some respects, though not so bad 

as to afford any excuse for slovenly workmanship on the part 

of the plumber. "When soil pipes are placed in recesses, it is 

generally difficult to make good joints in' them, though not 

impossible unless the space is very narrow and the pipe so 

large as to nearly or quite fill it. There is usually insufficient Difficulty 

* ■' ^ •' of calking. 

room for the use of the calking iron and mallet, and the 
plumber is therefore compelled to provide himself with special 
tools when he undertakes a job of this kind. When the pipe 
has to be put up in lengths, and joints made after the line is 
set in position, the careless plumber will usually content him- 
self with running in hot lead and leaving it as it cools. . One An expedient 
plumber of my acquaintance, who is both ingenious andinniones. 
honest, gets over the difficulty by leaving a lower joint open 
until the rest are done, which enables him to turn the whole 
line around and calk all sides equally. The plan is a good 
one, but architects cannot expect that plumbers will generally 
take this trouble. 

Another and serious objection to this method of disposing of importance 
the waste pipes of houses, is found in the difficulty usually pipes ac-^ 
experienced in getting access to them when they need repair. '"'^^ 
The amount of space saved inside a building by such a disposi- 
tion of the waste pipes is of no consequence to anybody. An 
architect who has any resources can always make provision in 
his plans for the pipe system, without disfiguring any apartment 
or sacrificing a square inch of space available for any other -^^^^^^ 
use. The pipes should be concealed by movable screens or screens or 

i 1 ./ panels. 

panels of some sort, and should be accessible throughout their 
entire length. To build them into walls, and especially to 
cover them over with lath and plaster, so that they cannot pos- 
sibly be inspected without breaking through the walls, is not 
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good practice. The disposition made of them must, of course, 
Disposition or depend upon the character of the building, its interior arrange- 

pipe depend- t , ^ ™ 

ont on plan ment and the shape and ornamentation of the rooms. The 

' problem is one which the architect must solve by the aid of a 

little common sense. As the soil and service pipes are usually 

carried up side by side, the position selected for them should 

be one in which there is least danger from frost in cold 

weather. Obviously, this will not be against the outside wall 

Protection of the building. A sheltered corner in which they would be 

' beyond the reach of frost, or an angle of the central partitions, 

can easily be found in any house which is not planned with an 

utter disregard of the fact that it is ever to be drained. 

In good plumbing practice the soil pipe is always larger than 
Main wastes its largest branch. In common work we often find them the 

should be 

larger than samc size. When the branches connecting water-closets with 
' the soil pipe are 4 inches in diameter, the soil pipe should bo 
at least 5 inches'. For this there are two good reasons. Any- 
thing which is forced out of the closet traps should pass easily 
through the soil pipe, or we are liable to have obstructions at 
points beyond reach ; and the soil pipe should be so large that 
it cannot run full under ordinary circumstances, even when we 
have water simultaneously discharged into it from several 
branches. The force of this second reason will be shown in 
the remarks on the syphoning of seals in the succeeding 
chapter. 

An iron soil pipe should not be too light. In much of the 
noary pipe chcap work of the time the pipe used is lighter than it should 
' be. I have seen pipe set up in houses which, tested with calli- 
pers, I have found to be not more than one-eighth of an inch 
thick. The objections to this kind of pipe are numerous and 
oDjeetionsto important. It does not possess the requisite strength ; it is too 
^ * ""' quickly eaten through by rust, and it is very apt to have sand 
holes and other imperfections which, for a time, may affcwd an 
easy outlet for the gases of the sewer. The difference in cost 
between light pipe and that of suitable thickness (a quarter of 
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an inch for private houses, and three-eighths and upward 
where there is a long line of large size to accommodate a con- 
tinuous outflow of considerable volume), is not great enough to 
make the economy profitable. In architects' specifications we 
seldom find a suitable weight of iron pipe called for. Conse- 
quently the principal demand is for very cheap and light 
j)ipes. As made they are as hard as chilled iron — owing to the 
fact that they are cast so thin — and about, as brittle and diflicult 
to cut as glass. If dropped they crack oi; break, and aro 
utterly untrustworthy at all times. In much of the cheap work 
of the time we find 4-inch iron pipes used which average about 
eight pounds to the foot. In good work 4-inch iron pipes should weight of 

^ t: » J^ ^ pipefor 

be at least of 12 pounds weight to the foot. I know of one good wort, 
large public building in ISTew York in which a 10-inch pipe 
weighing 45 pounds to the foot is used. 

Thus far I have considered only vertical lines of soil pipe, 
with their branches. In planning a drainage system for a 
house which was to be made as perfect as possible without 
regard to cost, I should have separate lines of soil pipe for 
each floor. I have known instances in which every waste pipe soiipipeator 
in the house was carried separately to the main waste in the 
cellar, and each was separately ventilated above the roof. This 
plan has the advantage of confining obstructions to the pipes in 
which they occur, without interfering with any of the others ; 
but it involves extra expense, and cannot be considered indis- 
pensable to good drainage in average houses. 

In sewer-drained dwellings it is usually necessary to give the 
soil pipe nearly a quarter turn bend below all the house con- Extension 
nections in order to reach the sewer, as kitchens, bath rooms "o s^wc"" 
and water-closets are commonly in the rear apartments, while 
the sewers are under the streets upon which the houses face. 
The pipe must, therefore, be carried along the cellar wall or 
under the cellar floor. The former is preferable when practi- 
cable ; but in what are known as English basement houses, in 
which the kitchen is on a level with the cellar, the pipe which 
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receives the kitclien drainage must be laid in a trench under 
ground. Sometimes this section of the main waste pipe is 
made of a different material from the vertical line, usually 
because a cheaper one than iron can be had. This is an econ- 
omy which does not pay in the end. 

Under all circumstances I should recommend carrying the 
Continuous iron soil pipe all the way to the sewer, and in the best work of 

Iron pipes , . , . , . 

preferable, the time this plan is followed. I have never seen a house 
drain built of stone, brick or wood, and rarely one built of 
earthen pipes with cement joints, which I should be willing to 

stone drains, live over. Stone drains, having rough inside surfaces, cannot 
be effectively flushed, and become coated throughout with foul 
deposits, offensive and dangerous in their rapid decomposition. 

Brick drains. Brick drains, as usually built, have this same objection, 
together with the liability of all but exceptionally good bricks 
to disintegrate when buried and kept constantly wet. Even 
when highly vitrified and laid with hydraulic cement, their 
rough surfaces and the perviousness of their joints to water are 
objections which should exclude them from use for this pur- 
TUe drains, posc. Earthen pipes, even when well glazed, cannot be 
depended upon when laid in cellars, for the reason that the best 
cement joints are pervious to water, which carries with it 
organic matter to lodge and decompose in the pores of the 
Wooden pipe and its joints. Wooden drains usually leak and always 
' rot very rapidly. Wlien made of plank, they cannot be given 
a shape favorable to effective cleansing. If set with the flat 
side down, the scouring power of the water flowing through 
them is reduced in proportion to the surface covered by it and 
the resistance it encounters from friction. If set eornerwise a 
better result is obtained, but the bottom of the V is liable, in 
the case of a house drain, to become filled with solid matter 
which resists the efforts of the water to carry it away. ' The 
next best thing to iron pipe is glazed Scotch drain pipe joined 
with Portland cement, but iron is so much better than any 
substitute yet found for it, that it should, I think, always be 
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exclusively used in the drainage of city houses. The different 
methods employed in the drainage of country houses, generally 
render the use of earthen pipes desirable and economical. 

Soil pipes carried through cellars should have a continuous continuoBB 
support. If conducted along a cellar wall, which is the best ^"pp'"*- 
practice under favorable conditions, they should be laid upon 
shelves of stout plank, which, in turn, are held up by suitable 
brackets. A few pipe hooks will keep them in place, but 
these should not be trusted to carry the weight of the pipe. If nank bot- 
laid under a cellar floor, a strip of wood should be placed along trenches, 
the bottom of the trench, which will give them a uniform 
descent to the street. When iron pipe is used this is very 
desirable ; with earthen pipe it is absolutely indispensable. In 
digging a trench it is scarcely possible to preserve the grade so 
perfectly that a pipe can be laid in it without sags. These sags sags. 
are so slight, especially when the. grade is easy, that they 
readily escape notice, but they are almost always great enough 
to retard the flow of water and diminish the scouring power. 
The air in the pipe will usually flnd a lodgment at the highest Air in pipes, 
points along the line, and when the pipe is trapped near the 
entrance to the sewer (as I think it never should be), these 
accumulations of air are likely to offer a very effective resist- 
ance to the passage of water. With a very steep grade slight 
sags do not lisually give trouble, but it is desirable to avoid 
them in house drains. A tendency to sag may break or loosen Broken joints 

... 1 iii.'i.c 1 1 andfractures. 

a joint and cause a leak which, ii under ground, may escape 
notice until many cubic yards of soil are saturated with foul 
water, and a nuisance is created which can only be abated by 
excavating the place and filling in with fresh earth. 
Sections of soil pipe carried under houses should have all tlie Amount ot 

.. .,. TkTT.. • -I '^'^ requisite. 

fail which can be conveniently given them. Jn othing is gained 
and nothing saved by flattening the grade. If a pipe is carried 
along a side wall, an ample fall can always be secured ; when 
laid under the cellar floor, it should have all the fall possible, 
which is not always as much as would be desirable. The aim 
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of the architect should be to give that portion of a soil pipe 
which deflects from the perpendicular as steep a descent as 
possible. A pipe cannot be too completely scoured by the 
water passing through it. 

The opening in the foundation wall of a house for the soil 
Pipes carried pipe to pass through should always be enough larger than the 
dations. outside diameter of the pipe to allow, the walls to settle with- 
out crushing or deflecting it. When this precaution is neg- 
lected, the pipe is liable to be broken or disjointed by the set- 
tling of the foundations, allowing the sewage to escape and 
rracture of work its Way back into the cellar. I know an instance in which 

pipes from . tit it fin • 

settling of a pipe was thus broken, and the owner oi the house, ignorant 
' or careless of the fact, neglected the necessary repairs until sick- 
ness made its appearance in the family, when his physician, a 
very practical man who liked to know the reasons for things, 
made an inspection on his own account and discovered the 
source of the mischief. 

So far as this part of the subject is concerned, it only remains 
for me to urge upon those connected with the building trades, 
and upon physicians, house owners and tenants, the vital im- 
Gooawork-portance of good workmanship in all departments of plumbing 
' work related to or connected with house drainage. In this 
chapter and the chapter following on Traps and Seals (to which 
I refer the casual reader), I have endeavored to embody sucli 
plain directions concerning waste and soil pipes as I have con- 
sidered necessary to give a person of average intelligence an 
idea of the conditions under which it is possible to secure im- 
Dangerof munityfrom dangers that, in cheaply piped houses, are almost 
^''of touse certain to attend the opening of connections with the sewers. 
Without going into details of interest only to plumbers, who 
ought to be familiar with them, I have endeavored to describe 
the means by which a line of soil pipe can be put up so as to 
be securely held in place and have tight joints and connections 
throughout. There are, doubtless, other ways of accomplishing 
the ends sought, but I know of none better or more certain 



ods 

drainage. 



WASTE AND SOIL PIPES. 63 

Tinder all circumstances than those of which I have spoken. 
During the past few years I have inspected much of the best 
plumbing work of the time, and a great deal of work which 
was not good at all, and the conclusion I have reached is that 
when sewer gas finds its way into a house through the soil and 
waste pipes, the fault lies somewhere between the architect, the 
builder and the plumber. In any case it is without excuse. I 
Icnow that houses can be drained into sewers — and even into Rcsponsibin 
foul and unventilated sewers — ^without bringing sewer gas into gaspoisoning. 
them. The existence of foul sewers is in itself a perpetual 
danger to the pubhc health, but there is no reason why we 
should bring that danger into our houses by providing chan- 
nels through which the poisonous air of the sewer can find a 
means of ingress. I know of houses into which no sewer gas immimity 
ever comes — unless, possibly, through the windows, borne in p""^"^'"- 
with air of the street — and I have no hesitation in saying that, 
when the tenants of houses demand immunity from the dangers 
of unhealthful conditions, architects and builders will find a 
means of correcting the evils now complained of as practically 
irremediable. Sanitary reform in cities only waits until those 
to be benefited by it shall demand it. 



CHAPTEE IV. 

Teaps and Seals, and the Yentilation of Waste Pipes. 

The importance of trapping all waste pipes, and of maintain- 
Traps In ing in every trap a seal of water, is probably better understood 
' and appreciated than any other essential of safety in the drain- 
age of houses. There is, however, a great deal to be said con- 
cerning traps and seals which, if known and applied in plumb- 
ing practice, would have a most important influence upon the 
public health. 
Too much The service expected of water seals in traps of every form is 
of traps, usually much greater than they are capable of performing. For 
this reason undue reliance is placed Upon them. Those who 
suppose that a small quantity of water held in a bend of a 
waste pipe is alone sufficient to prevent an iniiow of sewer 
gas through that pipe, know very little about either water or 
sewer g is. "We can only accomplish this most desirable result 
The security wlien WO afford the sewer gas an easier means of escape than it 
penteft on finds through the water in traps, by ventilating the soil pipe and 
ventuation. -j.^ i^jj-^nches. In commou work the waste-pipe system usually 
ends in the highest water-closet or wash basin in the house. To 
prevent the escape of gases generated in the sewer, and which 
naturally find their way into the pipes under certain conditions 
to be noticed further on, dependence is placed upon the water 
popniarer scals in the wastc-pipe traps — ^the common argument being 

rora respect- ^ ^ r. i i . 

Ing water that, as the express purpose ot the seal is to prevent the escape 

' of poisonous gases and foul odors, other means to this end will 

be superfluous. This argument is based upon an evident mis. 

understanding of the conditions which exist in sewers. In New 

York, for example, there are periods, often of several weeks' 

iiiiTentiiateci duratiou, whcu the sewers are absolutely without ventilation, 

sewers. ^^^ ^jj^gn tlic ouly cscapc for gases generated therein, often held 
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tinder considerable pressure, is through soil and waste pipes. 
Here, as in most American cities, the chief dependence for Manholes, 
sewer ventilation is upon perforations in the manhole covers. 
These are better than no openings at all, when they are open, 
but they are very liable — certain, indeed — to become choked 
with mud and dust during much of the time ; and from the Mud and 
first heavy snowfall of winter until spring — with, perhaps, a steeeta" "" 
few brief intervals of general thaw — they are as effectually 
closed by ice and snow as they would be if covered over with 
the permanent pavement of the street. The culverts at the 
street corners are of course trapped, and during the winter 
season they are likely to remain effectually sealed. The mouths Tide water 

J •! . J In sewers. 

of the sewers are, as the rule, so placed as to be completely sub- 
merged at high tide, at which times the .river water forces its 
way up into them for a considerable distance, compressing the 
air confined within in proportion to the resistance offered at the 
various outlets by which it seeks to escape. To increase this 
pressure we have still another active agent — heat. In cold or 
cool weather the temperature of the air in sewers is considera- Expansion ct- 
bly above that of the outer air. We are continually pouring by nea*. 
great floods of hot water into them, . at temperatures ranging 
from 80° to 180° Fahr. It is not unusual to allow steam 
engines to exhaust into them, and, as showing that the temper- 
ature of the confined air of sewers is not low enough in aver- 
age weather to condense steam, I may instance what may be Temperature, 
seen any day in the streets of New York — the escape of steam, ° 
still a hot vapor, from the perforations in manhole covers in 
regular puffs corresponding to the piston strokes of an engine 
in some neighboring building. In one way or another we im- 
part considerable heat to our sewage besides that generated in 
the process of decomposition. In very warm weather the tem- Effect of 

*^ rt 1 changes of 

perature of the outside air is usually higher than that of the temperature, 
air in sewers ; and, so far as unsealing traps is concerned, a dif- upon traps, 
f erence in the temperature of the air inside and outside a sewer 
is nearly as effective one way as the other. A simple experiment, 
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described by Latham, will serve to sliow how such differences 
of temperature will affect the security of a water seal in a trap. 
^'■""*°"" yi In the illustration marked Yis. 1, is shown a 

demonstra- ® ^ 

"'"'" f7—^ = glass flask with a bent glass tube inserted in the 

cork, the bend forming a trap which is filled 
with water. If the hand is placed on the flask, 
its warmth is sufficient to so expand the air 
within that enough of the water in the bend of 
the tube is driven out to leave the trap unsealed. 
By partly immersing the flask in cold water, the 
^ air within it is so contracted in volume that the 
Tig. 1 pressure of the outside air forces the water in 

the tube into the flask, also effectually and promptly unsealing 
it. The air in the waste pij)es of an occupied hoiise is daily 
subjected to frequent expansions and contractions, which may, 
Dnseaiing and ofteu do, unseal traps. Under these conditions it is readily 
seen that when the mouths and manhole ventilators of our 
sewers are closed, any increase in the volume or temperature of 
the flow wiU cause the conflned air to struggle for a means of 
Pressure, escape, which it usually finds at some trap. It will do this just 
so soon as the pressure equals that of the column of water in 
the trap. 
Resistance To displace a seal altogether, no very great force is necessary. 
"pressW A seal 3 inches deep offers a resistance to the passage of air 
equal only to a pressure of two ounces per square inch. With 
adequate ventilation of the soil pipe, the pressure upon waste- 
pipe traps is relieved, and there is little danger of sewer gas find- 
BenefltB of ing its way into a house when such ventilation is provided — 
^forwaste presuming, of course, that the plumbing work is judiciously 
^ '^' planned and properly executed in other respects. 

To the pressure within the sewers, tending to displace the 

DraugM water seals of unventilated waste-pipe systems and to force 

sewer gas into our dwellings, we must add what is commonly 

called the " suction " of the house. During much of the year, 

and especially during the season when we live with closed win- 
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dows and doors and depend on fires, there is a constant outflow 
from the house through the chimneys, producing a partial Barincation 
vacuum which varies greatly under different circumstances. In "» houscb. 
any case it is enough to cause a great deal of air to enter by a 
very small opening, and when doors and windows are carefully 
sealed with list and weather strips, the draft upon tlie traps 
may be ?-ery considerable. Were the traps empty there would 
be a strong and steady inflow of air through the pipes ; and 
when they are sealed the " suction," ^s it is called, very effec- 
tually supplements the pressure resulting from the causes already 
noted. 

In trapping pipes there is a good chance for the unskillful 
plumber to defeat the end he seeks to accomplish. My atten- Defective 
tion was lately called to the house of a friend in which the 
faint, depressing odor always noticeable in the bath room and 
adjoining apartments revealed the presence of sewer gas. A 
thorough examination of the plumbing work showed certain Examples ot 

bSid 'work* 

defects only too frequently met with in badly piped houses. In manahip. 
the bath room there was a tub, water-closet and wash basin, after 
the usual practice, but the bath and basin wastes were con- 
ducted into the soil-pipe branch below the water-closet trap. 
These pipes were trapped, but the bath overflow was not, and 
through this the sewer gas found easy access. Stopping the 
overflow remedied the difficulty in part, but not wholly, as the 
same smell was noticed until the waste-pipe system of the house 
was thoroughly ventilated. Had all the pipes been trapped and 
every trap been full of water, the house would not have been 
a safe one to live in until their ventilation had been provided 
for. In another instance, when inspecting an extensive pipe 
system in a large hotel in a "Western city, I found that an 
attempt had been made to form a stench trap in every waste 
pipe, but in a great many instances the pipe had been bent at 
such an angle that the water held in the bends would barely 
make a seal, while others were so long and so nearly horizontal 
that the force of the water coming down the pipe would, in all 
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probability, carry it past the bend and leave the traps unsealed. 
Evidently the traps were home made, as no two were alike and 
not half of them were well made. It may be assumed that no 
trap can be so sealed with water as to offer an effective barrier 
to the passage of gases held in an unventilated waste pipe, 
whether under pressure or not. 

As further illustrating the importance of ventilating the 

waste-pipe system of a house, I may mention a phenomenon 

which has surprised a great many people, practical plumbers 

Emptying included. It sometimes happens that traps which are to all 

syphoning, appearance properly set, so nearly empty themselves as to afford 
a free passage for air through them. This may occur in several 
ways. For example, if we have a quantity of water thrown into 
Causes, the trap so great as to fill the body of the pipe for a distance 
greater than the vertical hight of the column of water in the 
trap, it will be quickly unsealed. This action is easily 
explained, since it is only a syphon in a slightly modified form. 
When we take a tube bent into the shape of the letter U, fiU 

Phenomena it with Water and invert it, there is no tendency on the part of 

otthesypbon. . , . , 

the water contained in it to run from one end of the tube or 
syphon more than from the other, so long as the two legs are of 

equal length. The liquid in both 
legs may be said to be pulling down- 
ward and tending to form a vacuum 
at the highest point of the bend ; be- 
ing of equal weight they balance each 
other. If we lengthen one of these 
legs, the water in the long leg will 
be heavier than that in the short 
leg, and will run out, while atmos- 
pheric pressure will force the water 
in the short leg up to the top and 
out of the tube. Now, if the short 
end of the syphon be dipped in a 
vessel containing water, as shown in Fig. 2, the well-known 
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action will take place of emptying the vessel by syphoning. 
Applying this illustration to the arrangement of waste 
pipes and traps shown in Fig. 3, we find that if the Howsyphon- 

-^ ■*■ ■*■ ^ ^ ^ ing may occur 

flow of water, solid matter, paper or anything of the sort n» waste pipe 

_ , traps. 

from the water-closet o is great enough to fill the pipe a, we 
have a column of water flowing down which is heavier than 
that in c, and tending to form a vacuum above it in the main 
pipe. Consequently, the water in g and d will be forced over 
into the pipe a by the 
atmospheric pressure. ]!^ot 
only will this happen in 
the trap f, but at the 
same time, if there is a 
heavy flow of water down 
the soil pipe a, as from 
the bath tub k, and no 
ventilation, the traps g 
and h may be partly emp- 
tied, leaving a free pass- 
age for foul air from the 
sewer until they are again 
filled. The emptying of 
traps may also occur from 
the creation of a vacuum 
in a soil-pipe branch, as at 
c, by water, as from d, flow- 
ing past the orifice at which 
it discharges. 

In the drawing marked 
Fig. 4, I have shown an ar- 
rangement of the soil pipe Fig. 3. 
and its principal branches which I consider free from any such 




It of course admits of such extension as may be Arrangement 
necessary to adapt it to the various styles of architecture em- pipes. 



objections, 
necessary t 
ployed in cities. In this arrangement the soil pipe a is carried 
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straight from the sewer to the point at which it takes the upward 
bend. This section is of the same material as the vertical line, No trap m 
and is without a trap at any point. From the bend in tlie cellar wMt^ pfpe. 
it is carried vertically up to and through the roof, terminating in- 
a ventilating cap. This is no doubt unnecessary, but when the Theventua- 
pipe is not bent over, some form of cap is commonly used for eion above 
the purpose of keeping the wind and rain out. To leave the**"^™"*' 
pipe open at the top answers every purpose. Parallel with the 
soil pipe, also following it to the roof, is a ventilating pipe, 5, 
which connects with every trap in the branch wastes and venti- 
lates each one independently of the ventilation secured through suppiemon- 
the soil pipe. This pipe 5, for the independent ventilation of uonJoAraps 
traps, is seldom introduced, except in the very best class of 
work, but as it entails little increased expense, I should recom- 
mend its employment in every case. 

It will not do to place too much dependence upon the venti- 
lation of the soil pipe alone to prevent the emptying of waste 
pipe traps. It often happens that the waste pipes of wash sypnoning 
basins placed at a distance from the soil pipe, syphon their °on*g branch 
traps even when the latter is ventilated. In such cases the ■^^*^=- 
wastes of basins, sinks or closets remote from the soil pipe, 
should be carried up to and through the roof. This is the 
easiest and surest way to secure good ventilation, and when such 
ventilation is neglected we usually have trouble from " the ventilation 
smell of the sewers," even though the main wastes into which waste pipes, 
these branches discharge are ventilated. When this precaution 
is neglected, the traps in these long branch wastes are very 
liable to be unsealed by syphoning. The pipe usually, has a 
capacity for discharging more water than can flow into it, and 
the rapid downward current makes a partial vacuum which vacuum in 
often causes the air to draw down through a considerable body by rapid aow 
of water to fill it. Every one has noticed, in emptying a" bath ° ''^ °'" 
tub or wash basin, that air is sometimes sucked into the waste 
pipe with a roar long before the tub or basin is empty. The 
same thing takes place after the water has all run into the pipe. 
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The rapid outflow creates a partial vacuum, which is more 
easily filled by an air current moving witli the water than by 
one flowing against it, and the air rushing down the pipe will 
often displace the seal in the trap, leaving it open, though per- 
haps not quite empty. Yentilating the soil pipe will do much 
No unven- to protect wastc-pipe seals, but no trap is absolutely secure 
safe, against being unsealed by the several causes mentioned, unless 
separately ventilated as shown in Fig. i. "When this is done, 
the syphoning of seals in traps is an impossibility. 

The absence in Fig. 4 of any trap in the main waste or soil 
Traps In pipe will, no doubt, surprise a good many readers. In common 
was 63. pj,jjg|jgg ^.j^jg pjpg jg of<;gj;i trappcd just inside the cellar wall, 

the idea being that sewer gas should be prevented from 
entering the house drain at all, and that a running trap will 
accomplish this object. In my judgment such a trap does 
Objections. Vastly more harm tlian good. It is very liable to become 
choked by accumulations of solid matter, and unless well pro- 
tected its seal may freeze in very cold weather, which is a 
troublesome matter. The most serious objection to it, however, 
lies in the fact tlia,t it detracts from the efficiency of any 
arrangements which may be made for ventilating the soil pipe. 
"When we trap this pipe at any point we immediately close it 
against the passage of air currents, and the pipe above and 
below the trap is tilled with what is known among plumbers as 
Blowing " dead air." When there is a copious dash of water down the 
through^seais pjpg^ as whcu a pail of suds is thrown into a slop hopper or 
'tastes, -^v-ater-closet on one of the upper floors, the stagnant foul air in 
the pipe must be displaced. The resistance offered at the trap 
in the soil pipe will generally be greater, owing to the larger 
body of water held in it, than at one of the traps in the lower 
branches, and the displaced air is very likely to blow through 
one or more of these. 

It should be remembered that the most important of the 
ends sought by ventilation is the establishment of a free com- 
munication between the sewer and the outer air. When the 
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pressure upon tlie air confined in the sewer is increased from houeo drams 

■*■ ^ should ventl- 

any cause, it should have an outflow through every house drain, late sewers. 
When from any cause a partial vacuum is created in the sewer, 
every house drain should be an inlet for air. In other words, 
we should allow the sewers to "breathe" through the main 
waste pipe of every house, besides giving them as many breath- 
ing holes in addition as can be provided. When every branch no sanitary 

° . . ^ . . ., , objections to 

waste pipe is trapped, and especially if every trap is ventilated the passage 
as shown in Fig. 4, this inflow and outflow of air through the through ven- 
soil pipe of a house is attended with absolute immunity from pipes, 
inconvenience or danger to health, provided the jointing is 
properly done. There is no pressure of foul air upon the 
traps, but little chance for water seals to absorb foul gases, and 
none at all for the unsealing of traps by blowing out or syphon- 
ing out. With such an arrangement we have nothing to fear Evaporation 

11 . ~ 1 . , of water 

as regards the security oi water seals except evaporation, and in traps, 
this is easily guarded against. Should a seal be allowed to dry 
out, however, the danger of atmospheric pollution is much 
reduced by the double ventilation described. 

It is probable that many practical plumbers will consider the independent 
independent ventilation of traps unnecessary. I have seen tor traps. 
many very satisfactory jobs of plumbing in which it was omit- 
ted, but for the reasons already set forth it is certainly desira- 
ble if not essential. Sewer gas is a subtle enemy to health, security 

° . . betterthan 

scattering broadcast the germs of fever and the seeds of infec- economy, 
tion, and when we undertake to securely intrench ourselves 
against its attacks we cannot afford to neglect any precautions 
of safety to save the cost of a few pounds of lead pipe or a few 
dollars for additional labor. 

Where there is no danger of an escape of sewer gas to be ventilation 
apprehended, the ventilation of the waste-pipe system of a rapid con-o- 
house would be necessary to prevent the rapid corrosion of lead pipoar 
wastes. The points at which lead wastes soonest wear out and 
begin to leak are the points at which, in the absence of ventila- 
tion, the lighter gases from the sewer would naturally accumu- 
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late. I find this is the usiial experience of plumbers in this 
country, and the same phenomenon seems to have attracted 
attention abroad. At a meeting of the Society of Medical 
Officers of Health in London, held a short time previous to 
this writing. Dr. Andrew Fergus, President of the Faculty of 
Physicians and Surgeons of Glasgow, stated that while the 
water supply of that city, drawn from Loch Katrine, was so 
pure in itself and so distributed as to preclude the possibility of 
Typhoid excremental pollution, typhoid fever had increased to a startling 
Glasgow, extent, and as the cause of this disease must be sought either in 
polluted water or in air poisoned by the gaseous products of 
decomposition, it was a safe conclusion that the latter was the 
cause of the trouble in Glasgow. Peciting many remarkable 
facts in connection with cases of typhoid fever and diphtheria 
Examples which had come under his notice, he showed several pieces of 

corrosion of 4-inch lead pipe curiously perforated by corrosion commencing 
sewer gal from withiu, and which could only have been caused by the 
action of sewer gas. These perforations had admitted sewer 
gas into the houses in which mysterious cases of typhoid and 
diphtheria had occurred ; and as similar perforations were not 
found in such portions of the pipes as were at any time charged 
with liquid, they were not betrayed by the leakage pf watei*. 
Dr. Fergus further said he had found that such pipes as 
were freely open to the sky by an upcast shaft, remained sound 
nearly 'twice as long as those in which there was no eiiectivo 
ventilation, but he did not think that a lead soil pipe exposed 
to the action of sewer gas could be depended upon as sound for 
longer than 10 or 12 years. He also asserted, as the result 
of careful and intelligent observation, that the usual method of 
depending upon water seals in traps allowed sewer gas to dif- 
sewergas fuse itsclf through a house " by a process of soakage," and that 

water seals, in from half an hour to two hours the foul gases of the sewer 
and house drain would have saturated a seal, and thenceforth be 
freely emitted into the house. Other eminent and experienced 
physicians stated that they had reached the same conclusions 
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from observations , made in London and other British cities, 
.sliowing that the rapid corrosion and perforation of unventilated 
waste pipes is a matter of common experience on both sides of 
the ocean One of the many, examples of tlae corrosion of lead 
pipe wliich I have seen came to my notice quite recently, and 
is especially interesting as showing how the defective drainage 
of one house may affect the healthfulness of another. I was 
consulted, as to the cause of a very strong smell of sewer gas in curious 

, instance of 

the well-appomted residence of a gentleman of wealth, on one atmospheric 
of the finest avenues of New York. This smell was chiefly tion by sew- 
-notieeable in a passage connecting tlie front and back bedrooms " ^^' 
on one of the upper floors. A careful inspection of the plumb- 
ing work of the house was made without discovering any seri- 
ous defect. The bath room, water-closets, wash basins, etc., 
were all on the north side of the house, while the oflEensive 
smell was confined to a passageway on the south side, and this 
was not supplied with water. The first conclusion was that the Mistaken 
sewer gas escaped from some defect in one of the pipes on the 
.other side of the house, and passing under the floor found a 
means of escape through a crack in the passageway floor. A 
further examination showed that this was not the case, and it 
then became evident that the cause of the trouble was outside 
of the house. An examination of the adjoining building was 
then made, and the source of the trouble was easily foimd. 
The lead soil pipe, M-hich was carried up against the partv-wall, Acorrodoa 
extended a few inches above the branch connectme it with the 
third story water-closet, and was closed by means of a lead cap 
soldered on. From tlie cap down, for 12 or 15 inches, the pipe 
was completely honeycombed. There were countless holes in 
it, from the size of a pin point to aia eighth of an inch in diam- 
eter, and the shell M-as so thin and rotten that it could be read- 
ily crushed between the fingei-s. From the lioles in the pipe, 
which was wholly unventilated, sewer gas had freely escaped. Transmission 
and had found its way into the adjoining house through the ttJ^^^r^ 
brick wall. The damaged pipe — which had clearly been cor-"^'*'"^ 
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roded by sewer gas alone, as no water had ever come into it — 
was repaired and the nuisance ceased. Those in the house in 
which the corroded pipe was found claimed to have suffered no 
inconvenience from the smell, which one would naturally sup- 
pose would have been intolerable to a person with an ordinarily 
sensitive nose, while in the adjoining house it was a constant 
annoyance. 
Dangers As already stated, water seals in traps are liable to two dan- 
aoo\™ter gers wliicli are commonly overlooked, but either of which, in the 
seojs In traps. jj|jggj^gg gf abundant ventilation, will wholly destroy their effi- 
Evaporation. cicncy in a very short time. They may be reduced in volume 
by evaporation until a passage is left for air through the traps ; 
Saturation by Or cxposcd for cvcu a short time to contact with foul gases 
ou gases, j^^^^jj^g ^^ other means of escape, they will absorb and transmit 
Freauont them. The first of these dangers can, as I have said, be guarded 
°^" against by frequently flushing the pipes. A careful housekeeper 
should see that this is done daily, at least ; and wlien houses are 
closed or left in the care of servants during the absence of the 
occupants, provision should always be made for keeping the 
traps filled with clean Avater. This is commonly neglected, but 
the consequences of such neglect may be the ruin of liealth or 
the loss of precious lives. The danger of saturation by, and 
transmission of, sewer gas through water seals, is less readily 
apparent and calls for brief explanation. It will be found in 
the chapter on water-closets. Here we will deal only with the 
Absorption f act, which is that water standing in the traps of unventilated 
" water In wasto pipes is Constantly absorbing more gas than it can hold, 
traps. j^Qj^g before the point of saturation is reached, it begins to give 
off on one side the gases it takes in on the other. When the 
point of saturation is reached depends somewhat upon circum- 
stances which need not here be taken into account ; but it is a 
fact within the observation of all who have studied the subject 
experimentally, that water exposed to contact with confined 
sewer gas grows fouler and fouler, and never seems to wholly 
lose its capacity for absorbing until it becomes putrid and de- 
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composition takes place within it. In an nnventilated trap a 
■water seal cannot remain pure for many hours. It begins to 
absorb at once, and the length of time required to so charge it 
that it will begin to give off gases is, probably, as stated by Dr. 
Fergus, from haK an hour to two hours, according to the pres- 
sure of the gases in the pipe and their foulness. For this Renewal 
reason, every waste pipe, even when ventilated, should have 
enough water passed through it daily to completely replace the 
seal in its trap. "Wben the pipes are nnventilated, it should be 
done very often. 

Dr. Fergus, whose eminence as a sanitarian justifies the lib- Dr. Fcrgus-a 
oral reference I have made to his writings, gives, in a contribu- with traps 
tion to the Sanitary Record, the results of some interesting ^iT" " 
experiments with traps and seals. He shows that the water 
seal of an ordinary S trap is scarcely to be regarded at aU- as a 
barrier to the passage of sewer gas, and that it has the further dis- 
advantage of retaining enough decomposing matter to produce 
witliin the pipe itseK a sufficient amount of sewer gas to accom- 
plish all the evil that is feared, except such as comes by the- 
conveyance from the sewer itself of gases containing the germs 
of disease originating in other houses. He made a series of 
experiments with a bent tube, its bend being filled with water 
after the manner of the usual trap. In the sewer end of the 
tube he inserted a small vessel containing a solution of amnio- 
nia. In fifteen minutes the ammonia had passed through the 
water of the trap, and had bleached the colored litmus paper 
exposed at the house end. In another experiment he produced 
the rapid corrosion of a metal wire exposed at the house end. 
To prove that this transfusion takes place not with ammonia Gases passed 
alone, which is lighter than air, he made the same experiment ^at'eT'' 
with sulphurous acid, sulphuretted hydrogen, chlorine and car- 
bonic acid, all of which were transmitted so as to produce their 
chemical effect on the other side of the trap within from one to 
four hours. He says: "We are, therefore, very strongly in- jrosatcty^ 
clined to believe the last alternative, namely, that hoAvever °*'^'^ 
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,well drains may be trappsd, sewer gas will find its way from 
them into our houses, and any one who is acquainted with Gra- 
ham's investigations as to the diffusion of gases, will readily 
.understand how this will happen." 
vcnuiatea The same experiments were made with a ventilated pipe, 

traps. 

and although the action was slower, it still took place. The 
ventilation was not such as to insure a clear and direct flow of 
air through the pipe ; but it was more effective than many 
devices in use, and was considered quite sufBcient. 

Concerning the decomposition taking place within the trap, 
Dr. Fergus believes that it is almost impossible, even with a 
copious flow of water, to cause undeeomposed fteces to be dis- 
charged through the bend. With any ordinary flow there is 
only an eddying of the water in the trap, not a sufficient move- 
ment of the whole volume to carry floating matters under the 
Lodgment of bend. " No mere flow of water will carry out the faeces, which 
seoes n raps. gjj^p]y. ]jgp(; -^liirling rouud in it." Often, with the mistaken 
idea that by adding a few inches to the depth of water in the 
trap an effective resistance will be opposed to the pressure of 
Shallow traps scwcr gas, thcsc are made quite deep. Dr. Fergus recommends 
pre era l. ^-^^^ ^^^ ^.^ ^^ bend should be only sufficient to secure a seal- 
ing, for the deeper it is made the more complete will be the 
retention of decomposing matters at the house side of the trap. 
Di6infeotion In vicw of the large amount of water being discharged, he con- 
prac ca e gj^gj,g jj. practically impossible to use any disinfectant in suffi- 
cient proportion and with sufficient regularity to secure a chemi- 
cal disinfection of the suspended organic matters. 

My own observations and experiences lead me to conclusions 
which generally accord with those expressed by Dr. Fergus ; 
but if I may be permitted to criticise the statements of so emi- 
nent an authority, I will say that he seems to have overlooked 
the fact that, with adequate ventilation, the protection afforded 
Conditions ot by a water seal, renewed as often as once a day, is enough to 
^l prevent sewer gas from entering a house through a trapped 
branch waste. I know that such is the fact in this country, and 
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if not in Great Britain it must bo because different methods 
are there followed in plumbing houses. It will be noticed that 
Dr. Fergus, admits that the venting of the pipes experimented 
on was not such as to insure a clear and direct flow of air 
through the pipe. This is the one essential condition of good ooodventiia- 
ventilation, and with this insured a trap with a half -inch seal importance, 
which cannot be syphoned out may be depended upon. I 
would, however, urge the advantage of occasionally — if possi- 
ble, daily — flushing waste pipes from basins, &c., not in con- 
stant use. 

In a work of this kind, which deals with principles rather 
than with the details of plumbing practice, it is scarcely neces- 
sary to describe the several forms of traps in use. They are of Forms of 
two general kinds — those sealed by water and those sealed by '*''^' 
valves. The latter, though somewhat extensively employed in vaive traps, 
foreign plumbing practice, are but little used in this country, 
and never in good work. Some modem varieties are still kept 
for sale by dealers in plumbers' supplies, but they are not to be 
depended upon for use in connection with house drainage. In all water traps, 
water-seal traps the principle is the same, whatever their shape, 
namely, a bend in or chamber attached to the pipe filled with 
water, which cuts off the passage of air but offers to liquids and 
semi-solids passing down the pipe no greater resistance than that 
due to the bend. As regards resistance to the pressure of air or Resistance to 
gas, traps are efficient in proportion to the depth of seal they pro^TtJon 
contain. Consequently, the volume of water in the trap is of no *° ^^' 



Forms of 
traps. 



Fig. s. Fig. 6. 

importance as affecting the depth of the seal. In the accom- Depth of jeai 
panying illustrations are shown three forms of traps in common entu^a^t. 
vse. The first of these, most commonly employed, is the S p^''"'"'"™''- 





80 



TEAPS, SEALS AND VENTS. 




~:l 



rig. 7- 




The second (Fig. G) is a form of trap in general 
use, embodying the same 
jjrinciple. Fig. 7 is a trap 
of the flat syphon variety, 
sometimes used, but of very 
limited utility in connection 
with house drainage. In each 
of these the distance. A, be- 
tween the dotted horizontal lines projected to the right, shows 
the depth of the seal. "Were the form of trap shown in Fig. 5 
changed to the form shown in Fig. 8, it is obvious that the vol- 
ume of water it holds would be very 
much increased, but the depth of 
seal and the efficiency of the trap as 
regards resistance to pressure of air 
Dip as distin- o^ gascs, wouM remain unchanged. 
^"'"S.pacit" ^n t^ie o*^er hand, were the trap 

shown in Fig. 5 changed to that Fig. s. 

shown in Fig. 9, we should have a less volume of water than in 
Fig. 8, but an increased depth of seal. A pressure of air which 
would blow through the seal shown in Fig. 5, would also blow 

through that shown in Fig. 8, but 

a considerably increased pressure 

would be required to blow through 

that shown in Fig. 9. Arguing 

from this fact alone, it ^ould bo 

natural to conclude that the 

deeper the seal the safer the trap. 

This is true when we are dealing 

^^- 9- with pressures ; but there should 

never be a pressure of air, pure or foul, upon a trap seal, and 

there never is when the ventilation shown in Fig. 4 is provided. 

Much dip un- Leaving resistance to pressure out of account, a great depth of 

necessary. ^^^^ .^ unneccssaiy. With adequate ventilation, the service 

which seals are expected to render is limited to closing waste 
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pipes opening into houses against a free inflow of air through 
them. Without ventilation we should not be safe with traps pressiire re- 
having a depth of 12 or 15 inches, for while their seals might pia^e seals, 
resist a considerable pressure (in the case of a 12-inch seal about 
8 ounces per square inch of sectional area), they would absorb 
and transmit sewer gas as readily, though perhaps not as rap- 
idly, as those held in pipes of much less dip. We must also Aocumnia- 
consider the resistance to flow offered by a trap of any form, term traps, 
and the danger of obstructions resulting from the accumulation 
of solid arid insoluble matter therein. When we give- a pipe 
even 3 inches of dip, we are liable to have trouble from this 
cause without gaining increased security. From half an inch 
to an inch dip is the most we find provided for in the best 
modern plumbing practice. Many practical plumbers of expe- An mch aip 
rience consider half an inch dip as good as an inch. This is der average 

!■ 1 • • 1 T T conditions. 

probably true, but as a safeguard agamst rapid unsealmg by 
evaporation, I shoiild recommend a dip of not less than an inch 
under average conditions. 

Two of the best forms of traps I have ever seen are shown in 





Fig. lo. 



Kg. II. 



Traps which 
cannot be 
syphoned. 



Figs. 10 and 11. One great advantage of these traps over those 

of the ordinary form lies in the fact that they cannot be syphoned <==^"°' "« 

out so as to break the seal. A heavy rush of watpr, producing 

a vacuum in the trap, displaces a part of the seal,, but the amount 

of space in the body of the trap is so great and of such a shape, 

that the air passes through the water without driving the water 
6 
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in front of it in a body. In other words, there is a large vol- 
ume of water to be lifted up through the trap, but the stream 
of air which can be made available to force this water out is 
quite small, and hence passes up through the water while the 
heavy body of water falls back on each side, instead of being 
carried over into the waste pipe. I have repeatedly attempted 
to syphon out these traps, but. there was always water enough 
remaining, after the heaviest flow, to form a seal. • The impor- 
tance of this feature is one that can hardly be overestimated. 

Experimental My experiments were made with traps . in the sides of which 

" watch crystals had been inserted to give a full view of what 

was going on within. The operation of the trap is thus easily 

seen, and the difference of action between it and the ordinary 

S or half-S trap plainly shown. The very compact form of 

Convenience, this trap enables the plumber to get a large one into very small 
space, an advantage which is important when it is desired to 
make a neat job. 

The number and variety of new traps patented every year 
would require a separate volume to describe them. As the 
rule, the idea which underlies most of these inventions is that 
it is necessary to provide for resistance to heavy pressures from 
the sewer. With good ventilation no such pressure is possible ; 
consequently, in good work, balls, valves and the like are rarely 
used in waste-pipe traps. They are used to some extent in 
England and on the Continent, but have never found favor 
with American plumbers. 
Sediment Traps should be kept free from accumulations of sediment. 
This is a truism which needs no argument ; and yet it is a mat- 
ter of almost daily occurrence in the experience of plumbers to 
be called upon to clean out traps which have been closed by 
articles carelessly or viciously thrown into water-closets and 
which could never pass into the sewer. When he suggests 
that the cause of an obstruction will be found to be some 
bidky article lodged in the trap and which has no business 
there, he is invariably answered : " Oh, no ; that is impos- 
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sible. We arc always very careful not to allow anything of 
the sort to be thrown in." Upon investigation ho may be what piumi>- 
pretty sure of finding a miscellaneous assortment of lost arti- traps, 
cles. In the house of one of our most experienced New York 
plumbers, a scrubbing brush and several smaller articles were 
taken from a water-closet trap, and not long since I was told by 
a Brooklyn plumber that he had found in a' water-closet trap a 
valuable watch and chain and other articles, supposed to have 
been stolen by one of the servants. Similar instances might bo 
given without number. Children and servants seem to be chudrenand 
chiefly responsible for the obstruction of traps. It is no unu- °®'^*'' ^• 
sual thing for plumbers to find lost ai tides of jewelry, laces, 
house cloths, old shoes and worn-out rubbers, combs and brushes, 
broken crockery and mantel ornaments, broken glass and num- 
berless other articles, which dishonest or careless servants or 
mischievous children have thrown in, ignorant of the fact thait 
traps are great conservators of rubbish, and almost always retain 
whatever of solid or insoluble matter goes into them. I have coai ashes in 
loiown instances in which much trouble has resulted from the ^**^" °^^^- 
fact that servants would persist in throwing coal ashes into 
water-closets to save themselves the trouble of carrying them 
down stairs. It is unnecessary to say that the throwing into a 
trap of anything not intended to go into it, is wrong. In water- paper, 
closets care should even be taken that stifE paper which resists 
reduction to pulp, or large pieces of newspaper, shall never 
enter them. Tough paper, or large wads of it, are likely to find 
a lodgment somewhere in the pipe, and, if they do nothing 
worse, will diminish the scouring power of water passing down 
it. Eags are especially troublesome in this respect, and when Ragg. 
caught upon a projecting roughness, will sometimes cling for a 
long time. 

The trap screw is a device for emptying and cleaning traps Trap scrcTra. 
which has lately come into very general use — ^probably because 
architects have got into the way of calling for traps with trap 
screws in their specifications. Sometimes, for convenience, the 
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plumber puts the trap in so that the screw comes on top — at 

^umw "^ least I have seen such cases — ^but as a general thing this makes 

no great difference. Not one out of every hundred put in is 

ever opened for any purpose. In kitchen sink wastes, traj) 

Desirable In screws are very desirable, but in most small branch-waste traps 

was es. ^1^^^ ^j.^ rather more ornamental than useful. 



CHAPTER V. 

"Watee-Closets. 

The water-closet, though commonly supposed to be one of Antiqmtyof 
the " modern conveniences," has come to us from a very early 
and primitive civiHzation. Ewbank — ^the best authority on all 
matters pertaining to water and its uses — says they are of very 
ancient and probably Asiatic origin. They were introduced 
into Great Britain during the reign of Queen Elizabeth, but 
long before that time they were known, and to some extent 
used, in France and Spain. Their general employment is, Tiieir general 

employznctit 

however, of comparatively recent date, and from being a luxury of recent date 

of the rich, they have, within less than half a generation in 

this country, become the conveniences of nearly all classes of 

the population of sewer-drained cities. In country districts 

their use is limited, except in houses of the better class owned 

or occupied by people accustomed to the conveniences of the 

town. 

In itself considered, the water-closet is not of necessity an water-cioseta 
objectionable fixture in a sewer-drained house. Much as it ^aJijlhiec- 
has been inveighed against, it has many practical advan- "°'^*'^®- 
tages over any other form of closet or privy. The question water 
whether it is possible to dispose of the sewage of a town by ''*^*^- 
other and better means than by water carriage, is not one which 
need be discussed here. Water carriage is not without objec- 
tions, but it is likely to be generally employed in this country 
for many years to come, and we may, therefore, accept it as 
one of the conditions with which we have to deal. With water 
carriage the water-closet seems to have no practicable substi- 
tute. The individual householder may have recourse to earth 

•' Substitute for 

closets, ash closets, absorbent buckets or any of the other dry water-oiosets. 
conservancy systems, each of which has certain advantages, but 
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unless sucli appliances used receive more careftil and intelli- 
gent attention than they are likely to get at the liands of ser- 
vants, they will be found less satisfactory than the water-closet. 
priTies. Privies are still used to some extent in cities, but there is cer- 
tainly nothing to be said in favor of them. They are, I think, 
nuisances which should be abated by law, and if their abolition 
cannot be effected, they should be. allowed to exist only in 
modified form and under strict sanitary inspection. The only 
objections to earth closets in cities and towns are the trouble and 
Dry conserv- expense they entail. All the dry conservancy systems are open 

ancysystems. , . . . - , 

to the same objections, itnless their employment is so general 
that some system can bo organized for disposing of the contents 
of the receiving vessels without much expense, if any, to the 
individual houseliolder. When each person who adopts one of 
these systems must pay for materials on the one hand and labor 
and cartage on the other, he will be very apt to conclude that 
the trouble and expense are far greater than the resulting 
benefit., ■ Brobably the time is not far distant when we shall 
realize more fully than now that we cannot afford to waste the 
wealth we pour into our polluted rivers, and which is needed 
for the enrichment of farm lands exhausted by what Baron 
Liebig forcibly characterized as " vampire agriculture." 
victor Hugo Yictor Hugo draws the following startling picture of the 

on tho wasto . • ,, -r -nr- 

of Paris, sewage waste oi a great city, in " Les JMiserables : 

" Paris throws five millions a year into the sea, and this witli- 
out metaphor. How and in what manner ? Day and night. 
With what object? ISTone. With what thought? Without 
thinking. For what return ? For nothing. By means of what 
organ ? By means of its intestine — its sewer. 

Chinese " Thanks to human fertilization, the earth in China is still as 
' young as in the days of Abraham. Chinese wheat yields a 
hundred and twenty fold. There is no guano comparable in 
fertilizing power to the detritus of a capital. ""' * * 

Value of " We fit out convoys of ships at great expense to gather up 

sewage. ^^ ^-j^^ gouth Pole the droppings of petrels and penguins, and 
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the incalculable element of wealth which we have under our 
hand we send to the sea. All the human and animal manure 
which the world loses, restored to the land instead of being 
thrown into the water, would suffice to nourish the world. 

" These heaps of garbage at the corners of the stone blocks ; 
these tumbrils of mire jolting through the streets at night ; 
these horrid scavengers' carts ; these fetid streams of subterra- 
nean slime which the pavement hides from you — do you know 
what all this is ? It is the flowering meadow ; it is the green what sewage 

. . . . represents. 

grass; it is marjoram and thyme and sage; it is game; it is 
cattle ; it is the satisfied low of huge oxen at evening ; it is per- 
fumed hay ; it is golden corn ; it is bread on your table ; it in 
warm blood in your veins ; it is health ; it is joy ; it is life. 
Thus wills that mysterious creation which is transformation 
upon earth and transfiguration in heaven. * * * 

" Imitate Paris, you will ruin yourseK. Moreover, particu- 
larly in this immemorial and senseless waste, Paris herself imi- 
tates. These surprising absurdities are not new ; there is no 
young folly in this. - The ancients acted like the modems. 
'TheCloacse of Pome,' says Liebig, 'absorbed all the well-be- The Koman 
ing of the Poman peasant.' When the Campagna of Pome 
was ruined by the Poman sewer. Pome exhausted Italy ; and 
when she had put Italy into her Cloaca, she poured Sicily in, 
then Sardinia, then Africa. The sewer of Pome engulfed the 
world. This Cloaca offered its maw to the city and to the 
globe, Urii et Orbi. Eternal city, unfathomable sewer. In 
these things, as well as in others, Pome sets the example. This 
example Paris follows with all the stupidity peculiar to cities of 
genius." 

Tliis powerful description of a city's waste is certainly not 
overdrawn, l^o doubt Paris does throw five millions a year into The commer-. 
the Seine, but the simple statement of this fact might lead to eowoga. 
mistaken conclusions respecting the commercial value of sew- 
age. The popular ideas on this subject, which find frequent 
expression in newspaper articles on sewage utilization, are 



88 WATER-CLOSETS. 

sowaje of clgarly erroneous. The commercial value of the sewage of 
■ English cities, taken as it runs, is estimated to be about four 
cents per ton. Under favorable conditions, sewage irrigation 
can be carried on successfuUj, but most of the experiments in 
this direction have been unsuccessful, and very few of the large 
and costly sewage farms in Great Britain have paid or are likely 

Sewage of to pay interest. The value of Boston sewage is estimated by the 
cities. Massachusetts State Board of Health to be about one cent per 
ton. The value of New York sewage is still less per ton, owing 
to its more liberal and even wasteful use of water per head 
Sewage of population. Practically it may be said to have no value, 
notwithstanding the fact that it contains a vast amount of valu- 
able fertilizing material. With us the problem of the economi- 
cal and profitable utilization of sewage will probably remain 
unsolved so long as we continue to dilute the valuable constitu- 
ents of sewage with unlimited quantities of water. Great as its 
aggregate value may be, it is not usually great enough to pay 
for the separation of that which is valuable from that which is 
not. "When necessity shall compel us to save this wealth, we 
shall probably begin by keeping that which is valuable out of 
the sewers altogether, and using these conduits only as runways 
Water-closets for dirtv Water and street washings. Then we shall probably 

notllkelyto "' ° i 

be Boon super- foUow somc systcm of dry conservancy, but for the present the 
' water-closet remains an established institution, and it is useless 
to condemn it as unsanitary. The charge is well founded in a 
majority of cases, but vastly more of good will be accomplished 
by an intelligent effort to improve the water-closets now in use 
and remedy their defects than by riding Quixotic tilts against 
them. In my experience I have never found any good reason 

Water-closet "why watcr-closets should be either unwholesome or offensive, 
nuisauoea. j^ -^ ^^j^-g certain, however, that when any defects exist in the 
drainage system of a house, they will commonly be found con- 
spicuous in the arrangements pertaining to the water-closets, 
and the sanitary inspector is not likely to make a mistake if, 
when called upon to correct the evils pertaining to bad plumb- 
ing work, he begins there. 
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The requirements oi a good water-closet are various and im- Tho reauiro- 
perative. To be safe and sanitary, as well as convenient, it good water- 
must be inodorous. If it has any odor at all it will of necessity- 
be a foul one, disgusting to the sense of smell, nauseous to the 
stomach and depressing in its general effect upon mind and 
body. If not actively poisonous, it will probably lower the onensiTe 
physical tone of all who are compelled to breathe the air thus ™^ ' 
vitiated and predispose them to sickness. Often, however, it 
will be found actively poisonous, even when tho smell, in itself 
considered, is not strong enough to noses accustomed to it to 
excite alarm or occasion inconvenience. 

It must be so constructed that it can be effectually flushed or Flushing, 
washed out without waste of water ; it must be so simple and 
strong as not to be disordered by average usage ; and it must strength, 
not afford an outlet at any point for the gases of the sewer. 
Obviously, but few water-closets in common use confonn to 
these essential conditions. Nearly all will do so when new, if com^ion 
properly put up, but very few, comparatively, can stand the ^^ ^°'^' 
test of use, even for a brief period, without becoming nuisances. 
There is, therefore, much room for reform in water-closets, 
even though there exists no hygienic necessity for the abandon- 
ment of the principle of water carriage — ^regarding the ques- 
tion from the standpoint of the individual owner or occupant 
of a sewer-drained house. 

To discuss fully and impartially the merits and defects of all 
the water-closets in general use in this country, would be a 
delicate and difficult task. Every manufacturer is jealous of 
his particular product, and every inventor stands ready to 
champion to the death his own particular invention and im- 
provement. There is nothing in this menace of endless and 
bitter disputation to deter the conscientious writer from ex- 
pressing his honest convictions ; but in the case of water-closets 
this particularity is unnecessary as well as imdesirable. They ciassiflcation 
can be accurately divided into certain general classifications, 
and as the defects of a given closet are common, generally 
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ran closets. 



speaking, to the class to which it belongs, a few remarks will 
serve to assist the reader in judging of the several styles com- 
peting for general favor, and in determining whether the ones 
he uses or finds in use are safe or unsafe. 

Of the water-closets in use in this coimtry, a very large pro- 
portion are pan closets. Closets of this pattern are defective in 
principle and unsatisfactory in operation ; and although they 
have heen variously modified and improved durii'-g the past few 
years, it is doubtful if they are susceptible of such improve- 
construction. ment as will wholly correct their inherent defects. In Fig. 12 

is shown a sectional view of the 
common pan closet. B is the 
basin, usually made of earthen- 
ware. P is the pan which, when 
the handle is raised, is tilted, 
emptying its contents into the 
receiver or containing vessel K, 
from which they paiss into the 
soil-pipe branch, having a trap 
at T. As commonly made, the 
principal objection to this form 
of closet is that in addition to 
allowing the foul air from soil 
pipe and sewer to escape, it in- 
Fig. „. creases the mischief by manu- 

factiiring a great deal of very offensive and dangerous gas on its 
Foul re- own accouut. In use, the side of the receiver against which the 
' pan discharges its contents when tilted, becomes coated with a 
mass of foulness that clings to and cakes upon it. Plumbers 
are frequently — though not so often as they should be — called 
upon to remove the receivers of pan closets and burn them out 
in order to abate the stench which has become intolerable. 
This affords only temporary relief, for the process of accumula- 
tion begins again at once and continues until the pan has barely 
room in which to swing. It is no uncommon thing to find the 
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inside of a receiver so clogged that it is difficult to empty the 
pan. Matter thrown out as it descends is often scooped up 
again as it returns to its place. Human excrement is naturally 
viscous and plastic, and when dashed against a rough surface, 
like the inside of an iron casting, it takes hold and clings, espe- 
cially as it is untouched by water which rushes down the basin 
and into the soil pipe when the pan is tilted. From this cling- poisonous 
ing matter undergoing decomposition — more or less rapid panctos'rts. 
according to circumstances — there constantly arise gases as poi- 
sonous as any which come from the foulest of sewers. These 
gases are held under constantly increasing pressure between the 
two seals, and when the upper seal is broken by tilting the pan, 
the water thrown down must, of course, displace the gases 
and force them out. If not thus liberated they will come Transmission 
through the water seal in the pan, as explained in the preceding turo^ghseais. 
chapter. If the trap in the soil-pipe branch under such a closet 
is unventilated, its seal offers very little effective resistance to 
the upward passage of gases from the sewer and pipe. As the insufficient 
rule, the flow of water into the closets of this description is "^ " 
insufficient to flush the trap ; consequently, the seal is seldom 
completely changed, and there is almost always a mass of un- 
dissolved faeces floating therein. With all these facts in mind 
it is easy to understand why a disagreeable smell, and some- 
times an overpowering stench, is instantly emitted when the 
pan seal of such a closet is broken. 

To obviate these serious defects in the pan closet, many de- Modifications 
vices have been proposed, some of which are not without great melt""™^* 
advantage in modifying its worst evils. It is rather singular 
that although the nuisance and danger of foul receivers have 
been recognized for years, until recently no one seems to have 
thought of the simple experiment of flushing them. In a closet Flushing 
lately brought to my notice the principle of contraction was '"^^''^'^■ 
substantially as shown in Fig. 13. A represents the receiver 
and B the bowl, both of the ordinary form used in the com- 
mon pan closet ; C is the pan. The bowl receives water at the 
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top from tlie pipe D in the ordinary manner, both valve and 
levers being operated by the handle as usual. Around the 

interior of the receiver A the 
pipe Gr is arranged in the 
form of a ring. This pipe 
is attached to and receives 
'*' water from a pipe, II, which 
passes through the receiver 
A and communicates with 
the pipe D through a con- 
ducting pipe, J, so as to be 
Fig. 13. supplied with water by the 

operation of the valve at the same time that the pan C is si;p- 
plied. The pipe Gr is provided with perforations, g, througli 
which the water escapes in streams or jets. The pipe G is also 
connected with a pipe, K, which communicates directly with the 
water supply pipe, and is provided with a stop cock which may 
be turned by hand in order to supply the pipe G with water 
independently of the pipe D and the valve. When in opera- 
tion, the water issuing from the pipe Gr washes the inside of the 
receiver and the outside of the pan and lower part of the bowl, 
thus keeping the parts, clean and preventing the outside of the 
pan from becoming corroded from ammonia. If, as frequently 
happens when the pan is emptied, the lower trap is syphoned, 
the flow of water from the pipe Gr overcomes this difiiculty 
and promptly furnishes a supply for the trap. In emptying the 
pan the flow of water upon the inside of the receiver prevents 
the adhesion of soil and washes away the contents of the pan. 
This improvement is very valuable one, and will do much to 
abate the nuisance of foul receivers. 
Venting Ycuting the receiver is an old expedient, and a good one in 
receivers, •^ggjf considered, but I do not believe that any amount of vent- 
ing will make the common pan closet safe and excellent. Good 
ventilation is quite a different thing from simple venting. 
Ventilation implies an inflow as well as an outflow, and a natu- 
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ral or induced current. It is possible to secure these essentials 
if the proper means are taken, biit such ventilation as is secured 
by carrying an air pipe into the side of the receiver does not 
usually suffice, although it is a great deal better than nothing. 

Of late some currency has been given to the idea that it is Disinfection, 
possible to correct the defects of the pan closet by disiAf ection, 
and an apparatus to apply the disinfecting fluid has been in- 
vented and introduced in England. The chloralum or other 
disinfecting material is held in an earthen vessel above the 
closet, and when the valve is opened a small quantity is auto- 
matically let down through a pipe discharging into the basin, 
to mingle with the water of the flush and pass with it through 
the soil pipe to the sewer. The device has very little practical 
utility, if any. We have no disinfecting material cheap enough 
for free and general use which is sufficiently powerful to render 
any important service when thus employed. A good water- 
closet, properly set, amply flushed, kept clean and discharged 
into soil pipes open at both ends, will not need disinfecting ; 
others will scarcely be benefited by it. 

Of closets embodying the essential principle of the pan closet 
with certain modifications, there 
are a great many, few of which 
have come into general use in 

this country. Of these the % j vaive closets., 

valve closet (Fig. 14) is proba- 
bly the most generally used. 
Some of these are a little better 
, than the average pan closet ; 
others have all its defects be- 
sides some which are peculiar to 
themselves. Few of them will 
hold their basin seal for any 
length of time when worn with 
use. Nearly all of them will 
syphon out this seal through the rig. i^ 

overfiow upon very slight provocation. They are mostly inex- 
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pensive affairs made tor cheap work, and are not usually recom- 
mended for use in well-drained houses, even by those who make 
them. 

Plain hoppers, without either pans or valves and requiring no 
overflows, are in many respects the best of the cheap water- 

Advantasos closetS. ^ ^ 

They will 



Hopper 
closets. 



Their advantage consists in strength, simplicity and 
cheap appa- the impossibility of concealing tilth within them. 

"^^ "^^ become foul and offensive if neglected, but the fact that they 
need attention is apparent to the sense of sight, whereas the 
closets last described secrete tilth within while clean on all visi- 
ble surfaces. A neat housekeeper would not allow the sides 
of a hopper to remain foul, but the inside of a pan-closet 
Form of receiver is beyond her reach and out of her sight. The usual 
form of hopper closet with automatic valve flushing apparatus 
is shown in Fig. 13. In 
closets of this kind wo have 
but one seal — -that in the 
trap made in the soil-pipe 
branch — ^but when this one 
seal is relieved from pres- 
sure by ventilation, it is 
more effective than three or 
four would be if between 
them we had accumulations 
of nuisance-breeding tilth. I 
conditiona ot When adequately flushed, 
efficiency, the hopper closet is neither 
unsightly nor unsafe — pre- 
supposing, of course, the 
requisite ventilation. The j^ ,, 

hopper should be large and of such shape that it will permit 
faecal matter to drop into the trap without touching the sides. 
The flush should be strong enough to scour the inside of the 
hopper and give a clean seal in the trap after the closet has 
been used. In common plumbing work, the apparatus is usually 
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SO aiTanged- that a pressure upon the seat opens a valve and Automatic 
allows a small quantity of water to trickle in as long as the 
closet is in use. Such a flush is of very little value beyond 
wetting the sides of the hopper and preventing accumulations 
upon them, and needs to he supplemented by a strong dash of 
water, the volume of which is under control of the person using 
the closet. "When this is provided, either alone or, preferably, Advantages 

-t n • • 1 • Ti of a double ' 

m connection with a, moderate flow maintained automatically flush, 
by means of a valve opened by a downward pressure upon the 
seat and closing when that pressure is relieved, the hopper 
closet with ventilated connections with the sewer should,' if 
kept clean, be the best cheap closet in use. 

Though seldom introduced into houses, the device known as swp eiosots. 
the ship closet merits attention as a very perfect and sanitary 
apparatus. ^ One of the best forms of this variety of water- 
closets which has come to my notice is shown in Fig. 16. The construction, 
hopper is of good shape, but instead of being connected at the 
bottom with the soil pipe in the usual manner, an iron pipe 
makes a connection with the pump barrel seen on the left, the 
plunger of which is shown raised in the drawing. When the Action, 
handle is lifted, as shown, the contents of the hopper are drawn 
into the body of the pump, and at the same time a quantity of 
water is forced from the upper part of the pump barrel into the 
hopper through the pipe Avhich connects them near the top. 
"When the handle is depressed the soil, &c., contained in the 
body of the pump is forced out through a valve in the soil pipe 
rising behind the pump barrel, being prevented from returning 
to the hopper by a valve in the bottom of the pump. As the 
handle is forced down a vacuum is formed above the plunger, 
and through a check valve in the pipe on the left a supply of 
water is drawn into the body of the pump. The plunger is 
made large in order to reduce the quantity of water needed to 
fill the body of the pump at each stroke. The flush of water 
in the hopper on lifting the pump handle is forcible and abun- 
dant. " As these closets are intended to be used below the water 
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line on shipboard, it is necessary that they should be wa- 
ter tight in every part, as any inflow through them would 

be a dangerous leak in the 
vessel. They are, therefore, 
so made that they can with- 
stand a strong backward pres- 
sure in the soil pipe without 
difficulty. As made for use 
at sea, this form of closet is 
mostly brass, substantially put 
together and so arranged that 
it can be readily taken apart. 
Its positive movements and 
Fig. i6_ efficiency in preventing any 

back flow through the soil pipe, render it a very perfect device 
Modifloation regarded from a sanitary point of view. A modification of this 
" ioAtuaes. form of closet, simplified, cheapened and adapted to use in 
houses, has been made but is not yet in use. 

In buying a water-closet, it is a safe rule to buy the best that 

can be obtained and have it put in by the most intelligent and 

The best skiUful plumbcr whose services can be secured. This is not 

closets the 

cheapest, only the best policy from a sanitary point of view, but it is the 
most economical in the end. A cheap, flimsy closet cannot be 
expected to stand the test of long usage, and will either be con- 
stantly out of order or must receive constant repairs. The 
essential requirements of a good water-closet have already beeii 
briefly stated at the beginning of this chapter, but with a view 
to fixing them in the mind of the unprofessional reader, I will 
now consider them more fully. They are : 
Water losets !• -^^ shouM he inodorous. This is a quality of excellence 
"froin offeiT- which fcw chcap water-closets possess when in use. A faint, 
sive smeu. depressing, characteristic odor is almost always noticeable at or 
near the seat level, and very commonly in all parts of the room 
in which a water-closet is placed. Sometimes it permeates the 
air of the whole house. This is less readily detected by one 
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accustomed to it from the impression it makes upon the sense 
of smell than from its depressing, headache-inducing efEects. 
Those accustomed to the characteristic smells of city houses charactens 
seldom notice this odor, except for a moment when coming in city houses, 
out of the fresh air ; hut it has often been remarked by people 
living in the purer atmosphere of the country that they notice 
the smell of the sewer the moment they enter a city house. I 
have no doubt this is true, for although I have lived the greater 
part of my life in cities, I find more difiiculty ' in escaping 
than in detecting the smell of the sewers when passing through 
most city houses. The water-closets are not wholly to blame Rooms con- 
f or this, but they are largely so. : For this reason, the rooms in gh^id te ° 
which water-closets are placed should be well ventilated all the ■'«''*"**«'i- 
time. The too general custom of placing them in little pantries, Misplaced 
with no ventilation except through a shaft opening into similar 
pantries above, and lighted by a water-tight glass skylight, is 
bad. When not ventilated at all, as is often the case, the evil is 
still greater. Ventilation at the level of the seat is recom- ventilation, 
mended by some plumbers, and when secured it is doubtless 
good. Closets so constructed, in connection with ventilating 
shafts, as to provide for a constant current down through the 
basin and out, have been introduced and are well spoken of. I 
have had no personalexperience with them, but if the ventila- 
tion for which provision is made can be secured, I can see no 
reason why they should not work well. But whatever the form 
of closet used, the architect should see to it that the apartments 
in which they are placed are well ventilated throughout. 

"While upon this subject I may remark that a great many watereiosets 
people, especially young women, pass much more time than is "ooms? "^ 
necessary in the usually unwholesome atmosphere of these 
places, taking books and newspapers with them. This is a 
vicious habit which entails more than one evil consequence 
upon those who practice it ; but it is nevertheless very common. 
People should learn, and children should be taught, to regard a 
water-closet as just what it is. It certainly is not a place in 
which to pass an idle hour reading novels. 
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Examples of Two instances out of the many which have come to my 
closets." notice will serve to show to what extent sanitary principles are 
disregarded in much of the " bread-and-butter architecture " of 
the present time. Both were found in fine brown-stone houses, 
commanding a high rental and occupied by physicians of excel- 
lent professional standing. In one of these houses I found pan 
closets of the worst description, placed in little pantries with a 
floor space only equal to about twice the area of the seat. These 
pantries had absolutely no light except that provided by gas 
burners, and no ventilation except what was had through the 
doors opening into the halls, and through little windows 
scarcely larger than a sheet of letter paper, opening into 
adjoining apartments. The closets were neglected and almost 
always offensive, but they had been tolerated for years Avithout 
attracting attention, notwithstanding the fact that during this 
period sickness was the rule rather than the exception in the 
family. In the other case the arrangement was very much like 
that just described except that the pantries were rather more 
Ventilating roomy. They were, however, without ventilation except such 
into halls and as might be secured through the halls or the adjoining rooms, 
tearooms, r^^^ gmcll, noticealjle at all times, was often sickening, but I was 
unable to convince the physician that there was any objection 
to the arrangement great enough to justify him in ventilating 
his soil pipe and abating the nuisance to which the water- 
precept closcts Continually . gave rise. It is a curious fact, but one 
prartioe. which has often been remarked, that those who are most ready 
to discover and inveigh against unsanitary conditions in other 
people's houses, are the most difficult to convince that their own 
houses are not so well arranged as they should be, even though 
conspicuously unhealthy. It is probably for this reason that 
sanitarians, as a rule, live in houses that will not bear inspec- 
tion. 
Importance 2. It must he ohundanfly and frequently flushed. This is 
dant'eupp'iy easily provided for. Most closets are so constructed that they 
fl^ta^''"" ican be. flushed abundantly if the handle is held raised long 
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enough ; but the common practice is to give the handle a jerk 

and let it drop. For this reason it is important that the flushing 

apparatus should be so arranged that a strong and voluminous 

flow is secured, even though the handle is raised only for an 

instant. This is provided for in most of the valves in use in nush vaives. 

good plumbing practice, by an arrangement which permits the 

valve to close very slowly when once opened. If for any 

cause the flow of water into and through a closet is not enough 

to scour it out thoroughly and leave a clean seal when the flow 

ceases, a competent plumber should be called in to remedy the 

defect, which he can commonly do in a few minutes. 

Water for flushing closets should not be drawn from a service semce pipes 

■I ' -i T _a "TTT 1" 11 1 should not bo 

pipe in which the flow is liable to be interrupted by the open- tapped direct 
ing of a cock between the closet and the main. To this closet basins, 
rule there are no exceptions. Unless each water-closet has a 
separate service pipe which is not tapped for any other pur- 
pose, some form of cistern or its equivalent should be provided 
and the water needed for flushing drawn therefrom. In cheap Ane-rtichai-. 
contract plumbing work, however, it is not unusual to And the cheap wori. 
main service pipe tapped on every floor for all purposes, water- 
closet flushing included. Where the Holly system is -used, the 
pressure of water in the mains is usually so great that a service 
pipe might be tapped several times without interrupting the 
flow at the highest cock or valve. In New York, however, and 
many other cities where the pressure in mains and service pipes 
depends upon the head of water in distributing reservoirs, it is 
the rule rather than the exception to have the supply cut ofE 
from the upper part of a house by the opening of the faucets in 
the kitchen. This can be avoided, but it seldom is except in 
the best work. Under these circumstances, water cannot bo 
drawn direct from the service pipe into the basin of a water- 
closet without serious danger. Cold or cool water, especially if Absorption 

° , , ,^. of gases b7 

pure, has a vast capacity for absorbing gases. Ordinarily it will water, 
absorb many times its own volume, and all sorts of gaseous 
impurities are taken up by it as readily as a dry sponge takes 
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up water. Such impregnation of course renders water foul 
and wholly unfit for drinking or use in culinary operations. It 
is for this reason that the service pipe of a house should not be 
connected with water-closet basins when, from any cause, the 
flow is liable to be intermittent. 
Evusoftap- Suppose that when water is drawn in the kitchen and the 
pipes Into flow in the upper part of the house is temporarily interrupted, 
the handle of a water-closet is raised when the basin is foul. 
The water in the pipe, which might otherwise have been held 
there by atmospheric pressure, runs down as soon as air is 
admitted at the top, and the current of air which rushes in to 
fill the pipe carries with it the impure gases from the water- 
water poi closet basin. These are at once absorbed by the moisture cling- 

sonlng. 

ing to the sides of the pipe, and water subsequently drawn from 
this pipe may be very impure and unwholesome. A striking 
illustration of water poisoning by the gases generated in water- 
closets is found in the sanitary history of the town of Lewes, 
Typhoid England. During the year 1874 typhus fever broke out 
Lewes, within the corporate limits, and nearly five hundred cases were 
reported within a few days. The town is supplied with water 
by three private companies, much as our American cities are 
supplied with gas. The fever cases occurred in the districts 
Intermittent supplied by the Lewes Water Works Company. The supply 
' furnished by this company was not constant, but was turned on 
for three or four hours in the morning, and again during the 
afternoon. When the water was shut ofE the pipes emptied 
themselves, and air rushed in at every opening to fill the partial 
Air from vacuum Created by the outflow of the water. During the preva- 

closet basins j i i- ■ ■ • . 

drawn Into Icuce of the fcvcr an investigation was made, and the following 

water pipes* _ 

facts were brought to light : Many of the water-closets in the 
infected district were flushed with water drawn directly from 
the service pipes, and it was the habit of the people to have the 
valves open in case these closets were used when the' water 
was shut off, so that they might be flushed as soon as the flow 
was resumed. The consequence was that a part of the air 
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which entered the mains was drawn in through the basins of 
foul closets. Other defects were found of a still more serious 
nature, by which the gases of foul privy vaults were drawn into 
the service pipes through cracks and holes made by corrosion of 
the lead. Here was found the cause of the outbreak of fever, In 
one district sixty houses out of four hundred and fifty-four were Extent of tbo 

epidemic. 

supplied from the works of the Lewes Water Company, and in 
this district the cases of typhus fever occurred only in these 
sixty houses, with the exception of two cases. The other three 
hundred and ninety-four houses were free from it. Even after 
the epidemic had become general, and was propagated by other 
means, only six per cent, of the total number of cases occurred ■ 
outside of the houses supplied with this company's water. ' 

Other illustrations might be given of the danger of tapping 
sewer pipes direct into water-closet • basins, but the fact that it 
is dangerous will be evident to every intelligent person without 
further argument. I am aware that plumbers are often called The moral re- 

° ... sponslblUty 

upon to do all sorts of obiectionable things, and that aii forbad 
attempt on their part to explain the necessity for employing work, 
better methods may be regarded as an effort to sell more 
material and make a larger job to charge for. But while I am 
not' prepared to say that a conscientious plumber should refuse 
to contract for such work, I have no hesitation in saying that 
he should not do so without explaining the danger of mistaken 
economy, thus clearing himself of moral responsibility for the 
consequences if his protest is disregarded. It is not my pur- Humwng 

J. JT D •/ r laws needed. 

pose to discuss the ethics of this question in this chapter, 
if at all, but it seems to me that the Health Boards of New 
York and other American cities should endeavor to secure such 
additions to the local building laws as would relieve plumbers 
of the moral responsibility of doing bad work and justifying it 
to their consciences with the specious plea advanced by the 
starved apothecary of Mantua : 

" My poverty, but not my will, consents.'' 

3. It must be strong, simple and not liable to get out of strength, sim. 
order. This is a qualification demanded for sanitary as well as durabuity. 
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for economic reasons. A complex ■water-closet, weak in any 

Deterioration part ov liable to derangement from any cause, is quite certain 

closets, to be a nuisance sooner or later. When water-closets were 

first introduced into tlie American market, they were made 

large, strong and substantial. Of late years there has been a 

tendency to diminish their size, lighten their parts and cheapen 

their cost. As the result, most of the water-closets now in the 

market are weak, flimsy affairs, not worth the low price at 

Mo economy whicli they are sold. There is no economy in buying cheap 

"^goo^d^ water-closets, whatever the character of the houses in which they 

■are to be placed. 

Effectual 4. It must he sealed against the inflow of air currents 

sea °e-y^^^ -f-fi^g sewer omd soil pipe. This cannot be secured with 

certainty unless the ventilation described in the chapter on 

Impossibility traps and seals is provided. It is simply impossible to main- 

unventiuted taiu a cleau and efficient water seal in any trap discharging into 

"'^^w^er! ^■ii unventilated sewer connection. As already shown in these 

pages, water offers no effective resistance to the passage of 

impure air or light gases, and unless these are afforded an easy 

and direct outlet to the opsn air from the sewers and drains in 

which they form, they will not be held back so long as there 

is nothing to prevent their escape except a small quantity of 

water which will eagerly absorb and as readily transmit them. 

Few water- ; From a soiucwhat careful examination of the various patterns 

bo°reoon^- o^ water-closets in use in this country, I am forced to the con- 

mendea. gj^g^Qjj^ |;]-^j^t ]^^i fg^ q^q ^q jjg recommended. So far as I can 

judge, I should say that the best are those which command 

^qnaittytothe highest price and are least often called for in architects' 

specifications. A water-closet which combines the requisite 

qualities above specified has never yet been made at a price 

which will admit of its employment in cheap work, and 

Diffleuityot probably never will be. The problem of constructing a closet 

"cheapness which shall be at once cheap and good presents many difii- 

"""* imoe! culties, as any one will see who, with an intelligent idea of what 

there is and what is needed, attempts its solution. 
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The only article in plumbing work akin to the water-closet, siop hoppers, 
and which can properly be considered under the same head, is 
the slop hopper. This is a cone-shaped hopper of iron or 
earthenware, connected with the soil pipe by a trapped branch. 
Slop hoppers are usually placed on the upper floors of large 
houses, hotels, &c., to afford a means of disposing of waste 
water without throwing it into the water-closets, lor this they miuty. 
are useful, and should always be provided in large houses. As 
commonly put in, however, they give rise to no little mischief. 
Water is usually poured into them by the bucketful, and the unsealing 
strong and sudden downward flow thus provided is very apt to 
suck the seals out of the traps in some of the small branch 
wastes. This could be obviated in most cases by ventilation, strainers to 
but additional security is afforded by providing slop hoppers overtow.^ 
with strainers so fine that the water thrown into them will not 
pass out any more rapidly than the soil pipe can caiTy it off 
without danger to the seals in traps. When traps are not 
provided with independent ventilation, I consider this precau- 
tion indispensable to safety. Servants cannot be expected to 
exercise any discretion in such matters. 

When from any cause the water supply of an inhabited, 
sewer-drained house is cut off, the water-closets demand imme- 
diate attention. At such times they usually become very foul, 
and, from negligence in renewing water seals in traps, perni- 
cious exhalations from the sewers vitiate the air of living- and 
sleeping rooms. The accumulation of excremental matter in 
basins, receivers and traps cannot but give rise to dangerous 
nuisance, which is little bettered when just enough water is 
thrown in to wash these accumulations out of sight and into the 
containing vessel or mouth of the soil-pipe branch. 



CHAPTEK YI. 

Seetice Pipes and Watee Seevice in City Houses. 

The occupant of a city house has, as the rule, no choice as 
to the character of the water he uses. His only available 
source of supply is the street main, and, generally speaking, he 
has no occasion to trouble himself in the matter further than 
to see that the service system of his house is so arranged as to 
Constant ser- sccurc, if possiblc, a constaut supply at every cock. This 
^ "requisite! Cannot always be had without pumping, even in cities abun- 
dantly supplied with good water. In many parts of New 
Tanks. York, for example, it is necessary to pump into tanks or reser- 
voirs, near the roof, all the water drawn above the basement 
floor. In this case the service pipes are carried down 
through the house, which involves a somewhat different 
arrangement of them than is needed when the supply rises 
from pressure in the mains. 
Pressure When the pressure of water in the mains is sufficient to 
due to head, {ngupe a Constant service on every floor, as in many cities, 
especially those in which a head is secured by means of power- 
ful pumping engines, there is no occasion for any mistakes on 
the part of the plumber who understands the mechanical part 
of his trade — so far, at least, as securing a good distribution is 
zrranitement concomed. The plan upon which the pipes are arranged must, 
of pipes. ^£ course, depend upon the size, character and internal arrange- 
ment of the house. The architect should, and sometimes does, 
make suitable provision for water service and drainage in his 
plans, but too often he designs the house in every detail first and 
then provides for the pipes in whatever way he finds easiest. 
c!onditions of The couditious of a good water service are that it shall be 
* ^°°^^^^ constant, in well-laid pipes protected from all danger of freez- 
ing, bursting or leaking from any cause, and so placed that, 
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when the supply is shut off, the whole system may be drained 
by opening a waste cock in the celkr or kitchen. In the chap- 
ter on waste and soil pipes, I ventured some suggestions 
respecting the best disposition to be made of the pipe system 
in a house. Further on in this chapter I shall speak of the 
means which I have found most efficacious in protecting service 
pipes from frost at the points where they are most exposed. 

The question of the best material for service pipes is one of Material for 
great importance, and it has been long under discussion without ^®"^'™ p'p"^- 
acquiring much interest for the general public. If the ques- 
tion of health were not involved, the problem would be a very 
simple one, for lead pipe, taken for all in all, would probably 
be the one universally preferred. Lead, from its cheapness ^^^ , ^^ 
and the facility with which it can be manipulated cold, has 
been for centuries the favorite metal of plumbers, and the 
name of the trade is derived from the Latin name of the 
metal. "With the exception of ease of working, however, lead 
cannot be said to possess qualities which adapt it for use as a 
material for service pipes. ■ Lead pipe is heavy and weak ; it objections 
readily stretches, and sags or buckles when exposed to varia-*"'^*^' 
tions of temperature ; it is easily crushed ; rats can cut it with- 
out difficulty, as they sometimes do, and many kinds of water 
attack, corrode and are poisoned by it. For the reason last Regarded 
mentioned, lead has long been regarded by chemists as an'^'™'^'''' 
unsafe metal for service pipes. . Observation and experiment 
seem to have confirmed this opinion ; and that, under a great 
variety of conditions, it will be found to rest upon a substantial 
basis of scientific truth, I shall attempt to show in Chapter 
VIIL 

In the effort to find something better than lead as a material uon-metauio 
for service pipes, experiments have been made with nearly all ("r leaa"" 
the cheaper metals, as well as with a good many substances not 
metallic, such as glass, paper, gutta percha, &c. Block tin 
pipes have been extensively used, but they are not, and prob- 
ably never will be, regarded with general favor. Tin is harder Tin pipes. 
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and much less ductile than lead, it melts at a lower temperature 

and, in addition to being a more costly metal, it is much less 

conditionsof easily manipulated. In some kinds' of water it is rapidly cor- 

corroslon. ./ ± sr */ 

roded, and my observation leads me to believe that those 
waters which act upon tin most rapidly do not attack lead vig- 
orously, if at all. I may be mistaken on this point, but I have 
frequently had my attention called by plumbers in country 
districts to instances of the rapid destruction of tin pipe in 
waters which apparently had no effect upon lead ; while in as 
many other cases I have found tin to render excellent service 
under conditions fatal to the life of lead pipe. Fortunately, 
the soluble salts of tin are not poisonous. Its cost and the dif- 
ficulty of manipulating it are not objections which need stand 
in the way of its more general use, but they always have and 
probably always will. 
Tin-iined Lcad-incascd tin pipe— or, as it is more commonly called, tin- 

leadplpos. . . . . 

lined lead pipe — has been extensively used during the past few 
years, and has generally given satisfaction. In some waters the 
tin lining lasts but a short time, but in a great majority of 
AdvantaBBs. cases it wiU be found a safe and durable pipe. As now made, 
this pipe has a continuous tin lining throughout, of very even 
thickness ; and, when properly put together with the appli- 
ances furnished, and according to the method prescribed by 
the manufacturers, it will deliver water free from poisonous 
metallic salts as long as the tin. lining lasts and perhaps longer. 
Disadvan- If, howcver, this pipe is worked in the same manner as lead, 
'*^^^' any but a very skillful and exceptionally careful workman will 
be pretty sure to leave lead surfaces exposed, thus defeating the 
Tinned objcct of the tin lining. The manufacturers of lead-incased tin 
' pipes supply tinned brass ferrules, thimbles and J connections, 
with which perfect joints can be made, insuring a continuous 
\ tin lining, but plumbers, as the rule, object to using these and 
wiped joirftB. insist on wiping the joints after the usual practice. I know of 
no reason for this unless it be that the wiped joints are more 
profitable, as they enable the plumber to use a pound and a 
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half of solder, worth from 14 to 15 cents a pound, and charge 
it on the bill as iive pounds at 50 cents per pound. The objec- 
tion to wiped joints in tin-lined pipe is that, in "getting a 
heat " preparatory to spreading the solder after pouring, the 
lead becomes so hot that the tin is likely to be fused and 
destroyed as a lining, but remains in the pipe to obstruct the 
waterway. Joints in tin-lined lead pipe can sometimes be 
wiped without destroying the tin lining, but I would not trust 
any plumber to do it for me. I am not prepared to say that 
bad joints will make a tin-lined pipe no better than one of lead, 
but it is quite evident that the theoretical excellence of tbe 
former over the latter depends upon the maintenance of a con- 
tinuous tin lining, and this plumbers are not usually willing to 
give them. 

Wrought iron lias been employed as a material for. small wroaBht- 
pipes for water distribution with good hygienic results, but not °"pp°'- 
without some disadvantages when unprotected from rapid oxi- 
dation. The water coming through iron pipe is not consid- 
ered injurious, even when a considerable amount of the metal 
is present. The low price of wrought iron pipes, their great 
strength and the ease with which they are put up render them 
very desirable, provided they can be made durable by protec- 
tion against rust. I have known of several instances in which ^^^^. 
wrought-iron tubes have been used as service pipes, but in only 
one case have I been able to get the facts necessary to the for- 
mation of an opinion as to their advantages compared with 
other pipes.. This was in the case of Swarthmore College, ^on p,peg ^^ 
at Swarthmore, Delaware county, Pennsylvania. Water was coii^e™™^ 
introduced into the college building through iron pipes in 1869, 
and from that time until March, 1875, at which date my inqui- 
ries were made, they had required and received n.o attention or 
repairs. In February, 1875, some changes were necessary,, and nesnitaotsix 
a piece was cut out of one of the pipes which had been in con- ''®*"'^'="''=®- 
stant use for six years. , Its original diameter of bore — one inch 
and a half — had been reduced to about one inch by the accu- 
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Analyses, mulatioii of rust on the interior surface. At my request the 

respected president of the institution, Prof. Edward H. Magill, 

caused a series of analyses to be made to determine the chem- 

No organic ical effects of the iron upon tlie water. Samples wore taken 

mpurities. £j.^^ ^j^g Spring and drawn from the cocks inside the building, 

and the latter were found very pure, containing no trace of 

percentageoi Organic matter. The most remarkable fact was that the per- 

Irou In water. /..,-, i /. i i i 

centage of iron m the water taken from the cocks was only 
about two-fifths of that found in the water taken directly from 
the spring. This was established by repeated determinations, 
and the fact cannot be doubted that the passage of the water 
through iron pipes caused it to deposit three-fifths of the iron 
it had previously held in solution. In its general character the 
water is considered excellent, and at the date of my informa- 
tion it was the opinion of the engineer of the college that the 
pipes were good for 15 or 20 years more. This is not as long a 
life as might be expected of lead pipe under favorable condi- 
tions, but when healthfulness is taken into consideration, there 
is really no comparison to be made between the two metals. 
Galvanized Galvanized iron pipes have been in the market for many 
iron pipes. yga^j.g^- ^j^^ wheu they were first introduced it was hoped and 
believed that they furnished a satisfactory solution of the prob- 
zino unsafe. Icm of a cheap, durable and safe service pipe. This expectation 
has been disappointed, and although still extensively used,pipes 
coated with zinc are regarded with disfavor by a majority of those 
im erfect '^l^ose opiuious are entitled to consideration. In many cases the 
protection {j-qj^^ uucqually and imperfectly coated with the zinc, is' more 
rapidly corroded and destroyed than it would have been if left 
unprotected. A great variety of waters used for the supply of 
towns attack zinc vigorously, and all the resulting zinc salts are 
Zinc poi- poisonous. An effort has lately been made to show that the 
soning. gg^^^g ^1 ^inc can safely be taken into the himian system in larger 
quantities than could be held in solution in potable waters, but 
there are too many well-attested cases of zinc poisoning from 
drinking water conveyed through galvanized iron pipes to ren- 
der the experiment a safe one. 
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Manj efforts have been made to tin iron pipes, but I have Tinned iron 
never heard that they were successful. The outside of the pipe " *''^' 
could be very well coated when desired, but the porous and 
uneven character of the inside surface causes the tin to be une- 
qually and imperfectly deposited, leaving portions of the iron 
exposed to the water. In this case the objection is a commer- , 
cial one. The pipe is too rapidly destroyed to be economical. 
More recently a process has been perfected for the manufacture iron pipea 
of a tin-lined iron pipe, which seems to overcome this difficulty, iming. 
It is a wrought-iron pipe with a continuous and perfect inde- 
pendent tin lining. The tin pipe is drawn by the usual means, 
and of such size that it can be slipped inside the iron pipe of 
which it is to form a part. Hydraulic pressure is then applied Prooeaa oi 

^ V ± 1 A manufacturer 

by means similar to those employed in testing pipes, and the 
ductile tin lining is expanded, conforming to all the inequali 
ties on the inside of the iron pipe and being thus locked firmly 
in place. Tin-lined iron fittings are also supplied by the manu- 
facturers of this excellent pipe. In making a joint a tinned Ferrules., 
ferrule with a sharp lip, slipped into the end of the pipe, is so 
arranged as to take a bearing all around upon the tin lining of 
the fitting, and thus, while making a perfect joint, presenting joints, 
a continuous lining throughout. These pipes are made in 16- 
foot lengths of all the usual sizes. It is, in my judgment, the 
best pipe for water conveyance ever made. If the tin lining is safety. 
destroyed by the corrosive action of water, there is no^ danger 
of metallic poisoning as in the case of lead and zinc,, and we 
still have a strong, durable and safe iron pipe behind it. The Advantagei 
tin is so thick, however, that there is no danger of its complete 
destruction except under unusual and peculiar circumstances. 
A special cutting tool is used when it is desired to preserve the 
tin lining so as to turn it over the end, but the operation is no 
more difficult and takes no more time than to cut ordinary gas 
pipe with the common tool. 

During the past few years iron pipes with glass lining have aiass-iinca 
come into use and have secured some degree of public favor in ""i"""^ 
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Interested Spite of a Very determined opposition from the plumbing trade. 

opposition. „, . ... .. T/. 1 Ti 

i,nis opposition is probably due to the fact that plumbers can- 
not put them in. They are yery difficult to cut with common 
tools ; the brittle lining will not bear rough or careless hand- 
Diffleuity of ling, and when a pipe tongs is applied to one end of a length 
to screw it into a coupling at the other, a workman unaccus- 
tomed to the work would probably shiver the glass lining before 
he had brought the pipe to a solid shoulder. These difficulties 

Famished havo been met by the manufacturers. If a plan of the plumb- 
' ing work of a house, with measurements, is furnished them, 
they will fill an order for the required amount of pipe cut to 
the proper lengths and threaded at the ends to fit the glass-lined 
joints. If the plan and measurements are correct the pipes will 
go together without trouble. They will not bear a very violent 
torsion strain, as the lining is brittle, but if the mechanic who 
Care In puts them in — preferably a gas and steam fitter— uses his pipe 

handling. ^^^^^ \fitli judgment and expends no unnecessary energy, h6 
will find the setting up of a line of glass-lined pipe a 
safe and easy matter. Pipes of this kind should be well pro- 
tected from frost, as they are likely to be troublesome if allowed 

Exposure ^o freeze. I am informed that water held in glass-lined pipes 

tofrost. ...r, 1-. 1 11 1.1 

will bear exposure to a temperature 14 h ahr. below that which 
would freeze water held in lead pipes. I cannot say' from per- 
sonal experience whether this is so or not, but I have it on good 
authority and am quite prepared to believe it, as there is a film 
of plaster of Paris between the iron and the glass. 
Enameled Of enameled iron pipes there are a great many. Some that 
ironppe. ^ havc Seen were no better for the "enameling" they had 
received, which was nothing more than a shiny coat of baking 
varnish ; others are evidently well protected against corrosion. 
The best pipe of this kind which has come to my notice is cov- 
ered inside and out with a thick, elastic enamel which has 
Experimental resisted all the tests to which I have thus far subjected it. In 
other and more competent hands it has been subjected to vari- 
ous severe tests with acids and alkalies, to boiling "in water— 
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pure and charged for experimental purposes witli various salts 
— aod to th.e action of gases. Jn all cases the results were sat- 
isfactory. . ^ 

Of " composite " pipeSj made of alloys of two or more metals, composition 
there, are three, or .four in limited use. Those which I have ^'^^^' 
seen and tested have. nothing to recommend them. One was 
badly :made of very impure and inferior .lead, , and , another, to 
which my attenti.on was attracted by the announcement that it Lead in 
was " the long-sought and much-needed sanitary service pipe, '*'^^^''- 
which will deliver pure water and never wear out," I found to 
be principally, lead. 

Brass and copper tubes have, in some instances, been used as Brass and 
service pipes, chiefly in and about Boston. Two or more large, °°™"'"'^' 
firms are engaged, in the manufacture, of these pipes, which are 
principally used .by, engine builders for the conveyance of 
steam. . They are washed with. tin. inside and out, inside only, 
or not at all, according to the fancy of the buyer. They are 
light, strong and very durable, but I should not consider them 
well adapted for the conveyance of water for domestic use. 
The coating of tin has no appreciable thickness, and would not 
long protect the brass and copper from corrosion, and the salts 
of these metals are poisonous. From recent inquiries I learn 
that they are going out of use. in plumbing work, and that 
where best .known they are regarded with least favor. 

There are stiU, other kinds of pipe in the market, but their 
employment for the conveyance of .water is so limited that it is 
scarcely worth wjiile to describe them. 

From the foregoing it will be seen that as regards .material opportunity 
there is a pretty wide range for selection. A careful .examina- 'eiecttonl"^ 
tion. of the facts presented in Chapter YIII will further assist 
the reader.in forming a correct opinion as to the kind of pipe 
best adapted for luse under given conditions. 

In putting in a system of service pipes the plumber should 
observe cei-taia general, rules, which cannot be disregarded with, 
safety. Primarily, ho must see that the whole system is so 
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Emptying arranged that when the supply is shut off every drop of water 

' in them may be drained out. To be able to empty the pipes is 

a great advantage to the housekeeper, and if judiciously 

availed of, will often avert much damage to walls, carpets and 

furniture. Unless fully protected against freezing, the water 

When dosira- of a housc should alwavs be shut off at night and the pipes 

ble to empty. , ' "^ ™i ■ • . ■ . 

dramed in very cold wOather. This is inconvenient and dan- 
gerous, I admit, but it is less so than a protracted stoppage of 
the water service from ice in the pipes, which gives rise to con- 
ditions vastly more unsafe, regarded from a sanitary stand- 
point, than any likely to result from a stoppage of the service 
at night.' 
' shbuidbo To SO pijie a house that it may be drained dry requires judg- 
^°\a piom! ment and skill on the part of the plumber ; in some instances 
which have come to my notice it would have been practically 
impossible had the plumber not received the intelligent cooper- 
ation of the architect.- It would be difficult to give any rules 
for the piping of a house which would admit of general appli- 
cation, but a few suggestions on this point may be' of use. 
Branches When tin, tin-lined or lead pipe is used, all branches from 
"coStliuoua the vertical lines should be given a continuous support and 
support, g^pj^ ^^ inclination that they will drain into the main service 
pipe with which they connect. The continuous support, which 
is secured by laying them upon shelves, obviates the otherwise 
Sags, inevitable formation of running traps. The sagging of pipes 
results from expansion and contraction incident to changes of 
Expansion temperature. "When the metal warms from any cause, it ex- 

andcon- f . . , . , •■ ... 

traction, pands. As it cools it contracts, but does not return to its origi- 
nal shape. Lead is heavy and soft, and the force with which 
it contracts is expended in stretching the metal, which requires 
less power than to lift back into line the part that has sagged. 

^oriead^ This phenomenon is forcibly illustrated in the " creeping " of 
lead sheets laid upon roofs with even a slight pitch, in Great 
Britain and' some parts of Continental Europe where lead is 
used for roofing purposes. The expansion of the lead when 
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warmed by the sun is in the direction of the eaves. When it Leaa roofs, 
contracts again the sheet does not come back to its original 
position, but the upper edge is drawn down, pulling out, in 
turn, the nails with which it is held or tearing loose from them. 
This creeping goes on until the lead has slipped off lilie roof — 
its progress being much like that of a measuring worm. When snpportine 
iron or other stiff pipes are used, a continuous support is proba- '"" ''*''**■ 
bly unnecessary, but the hooks by which they are held in place 
should clasp it loosely at frequent intervals. Vertical lines of 
lead, or lead-incased tin pipes, are supported by lead flanges, 
technically known as " tacks," which are soldered fast to the Tacts. 




Fig. 17- 

pipes and held to contiguous woodwork by screws. In good 
work horizontal lines of lead pipe are provided with continuous contmuora 
and substantial support, and in some of the best jobs I have 
seen, with continuous safes to catch and dispose of leakage. 
When lead or tin pipes are laid under floors or in other posi- 
tions nearly horizontal, with only such support as is secured by 
occasional tacks, pipe hooks or loops of sheet metal nailed to 
floor timbers, they are almost certain, from the causes men- 
tioned, to form a succession of running traps, as shown slightly Running 
exaggerated in Fig. 17. It may be accepted as a general fact 
that any stretch in lead pipe, due to expansion or the stretching stretch. 
of the metal by its own weight, will be a permanent addition 
to its length, and when running traps are formed, as shown in 

Fig. 17, the pipes cannot be drained. Any defect in the 

8 
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arrangement of the pipes which has this result may give rise to 
serious mischief. I saw an example of this a few years ago in 

Example of One of the most elegant residences in New York. Owing to 
mansiiip. the absence of the family at Washington the house was not 
occupied during the winter, and the water was shut off and the 
pipes drained. In the. spring, when the water was turned on, 
a leak was developed, and before it could be reached and 
stopped it had destroyed a superbly frescoed ceiling and side 
wall, ruined a valuable carpet and done injury to the value of 
many thousands of dollars. Investigation showed that at some 
time a change had been made in the pipe system of the house 
and a branch pipe had been cut off. Instead of taking it off 
close to the main service pipe, the plumber had left about a 
foot of the branch connected, and this had been borne down by 
its own weight until it hung suspended, pointing down toward 
the parlor ceiling. This had remained full of water, had frozen 
during the cold weather and burst, and when the water was 
admitted to the pipes it rushed out at this point with the results 
above stated. A little carelessness on the part of a plumber 
resulted in a damage greater than he could have paid for with 
the savings of years. 

Importance Service pipes should be accessible throughout their entire 
"' *bmty. length, so that a plumber can make any needed alterations or 
repairs without ripping up floors and making work for the car- 
penter. Plumbers are very good at this kind of work, and 
judging from the vigor with which they attack a floor or wall 
with whatever implements are most convenient, I should say 
that tearing up houses was congenial and agreeable occupation 

Needless de- ^o many of them. Architects should guard against such destruc- 

*'^aiis and ^^^^ ^^ woodwork and plaster by arranging the floor in such a 
floors, y^ay that a pipe can be reached without difficulty or delay. 
I would as soon think of trusting my watch with a l)lacksmith 
to put in a new mainspring, as give a plumber a carte blanche 
to operate on the woodwork of my house with a saw, hammer 
and cold chisel. 
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In piping a house with iron, the work belongs to the trade of piping 
gas and steam fitting rather than that of plumbing, ihese are 
now a part of the plumber's trade, however, and the expert is 
expected to know how to work on iron as well as lead. When 
iron pipes are used, no especial precautions are necessary except 
to see that every branch is given a sufficient descent from the 
point of discharge to the main service pipe. There is no trou- 
ble in securing this if the house is planned with intelligent 
reference to the proper arrangement of the pipes, but plumbers 
are often bothered by serious difficulties which the architect 
should have foreseen and provided for in his plans. It often Errors and 
happens, however, that the architect is compelled to modify his ^ plana, 
plans at the last minute to bring the plumbing of the house 
within the scope of human ingenuity. The lack of a practical 
Imowlcdge in such matters, to which a- great many architects 
must confess, accounts for much of the unsatisfactory work 
done by plumbers. 

To so arrange the service-pipe system in a house that, so long me mstribu- 
as the average pressure is maintained in the street mains, or through 
main supply pipe, we shall have a constant flow, if desired, at 
any, and every cock and closet valve, is one of the refinements 
of the plumber's art which does not come within the knowledge 
of a majority of those who claim to know their trades. Cer- 
tainly it is a desideratum for which comparatively few archi- 
tects know how to provide without adding greatly to the cost 
of the plumbing work in a house. As a consequence, the ser- intermittent 
vice pipes in a majority of houses are so arranged that when a floors, 
cock is opened in the kitchen or on the parlor floor, those seek- 
ing to draw water on the floor above must stand and wait 
patiently until the cock below is closed, the pipe refilled and 
the flow resumed. This often entails great inconvenience, and unflushed 

» , , water^loaets. 

is sometimes attended with danger, as foul water-closets may 
be left unflushed and forgotten by those who, at the moment 
of using, cannot get • a flush. When closets are flushed from 
tanks, which they should be under all circumstances, this dan- 
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ger does not exist, but in the case of those flushed through a 
branch of the service pipe, the danger of neglect is, as before 
shown, further increased by the certainty that if the valve is 
opened when the flow is stopped in the service pipe, the column 
of water held up in the pipe by atmospheric pressure will at 
once drop, and foul air charged witli organic impurities will be 
drawn in through the water-closet basin to fill the vacuum, 
inoonveni- But Were there no danger to be apprehended, the inconvenience 

defective wa- which thosc experience who live in houses piped in this 
erflervoe. gioygniy ^nd imperfect way, should lead to a reform. For the 
architect and the plumber no other consideration need have 
weight than that a house thus piped is, at best, a botched 
job. The water pipes can be so arranged that with but little 
added cost we can liave a constant supply of water for every 
floor to which its head will carry it. Tiie reader will under- 
stand, of course, that these remarks do not apply to houses in 
which water drawn above the kitchen floor is supplied from a 
tank to which it has been elevated by a force pump, but only to 
those so situated that a distribution is effected by reliance upon 
the pressure due to head in the mains. 

Tapping a re- The plan which first occurs to mind, and which was proba- 
turnpipe. ^j^ earliest adopted, is that of carrying the service pipe un- 
tapped to the highest point at which a service is desired, and 
connecting all cocks and branches with the return pipe. This 
plan can be adopted with safety only under exceptional condi- 

conditons of tions. "When we are sure of a head at the source of supply 
sueoessfui sufficient to raisc the water, under all conditions, to the turn of 

operation ' ^ 

the pipe, it will work very well. For example, in a country 
house supplied from a reservoir or constant spring situated on 
a liillside above the house, we could follow such a plan without 
danger of inconvenience. In cities, however, we are likely to 
have trouble with it, as the head varies,' sometimes through a 
pretty wide range, and when it falls below the level of the bend 
in the pine we are likely to have trouble. For the supply of 
cocks below the level of the head, the water will continue to 
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syphon over the bend, but when, during this period of low 
pressure, a cock above the level of the head is opened by aicci- 
dent or design, the syphon is broken, the pipes empty them- 
selves and the water is cut off from the house until the head 
rises. We must, therefore, have an air cock at the bend, and Aircooi, 
the trouble of giving this proper attention at the right moment, 
and the danger of having our water supply cut off at times 
when the head would be great enough to maintain a service on 
two or three floors, render this plan undesirable for adoption in 
city houses. It also entails the expense of a double service pipe, 
and renders difficult and troublesome the often necessary expe- 
dient of emptying the pipes when danger from frost is appre- 
hended. The emptying is easy enough, but the reiilling and 
reestablishment of a flow through the pipe often involves some 
trouble. For these reasons the plan cannot be recommended 
for general use. 

Another plan, which gives each floor a separate service pipe, Anotiierpian. 
is free from objection save that of expense. In a very well 
built house which I lately had an opportunity of inspecting, 
the connection with the main was made with a f-inch tap and 

e: D 




Fig. iS. 

a f-inch A A pipe carried down below the frost line. This 
extended to the stop and waste cock just inside the cellar wall. 
From this point the water was carried to 'the rear wall of the 
cellar, some 50 or 60 feet, by means of a 2-inch AAA- From 
this a separate line of f-inch A A pipe was carried up to each 
floor. In the drawing (Fig. IS), A is the connection with the 
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main ; B, the stop and waste cock ; C, the 2-mch main service 
•pipe ; D, the supply for the kitchen and basement ; E, the sup- 
ply for the parlor floor, and F for the second floor. Though 
not in a very elevated position, a constant service could not be 
secured above the second floor, so the third and fourth floors, as 
well as all the water-closets in the house, were supplied from 
an elevated tank in a closet on the fourth floor, which was filled 
by a double-action pump with a vertical lever handle. Water 
was supplied to this pump by a 1-inch pipe connecting with 
the main service pipe at G. This system worked perfectly 
under all conditions, and has no objection except the considera- 
ble additional cost of pipe. 
Its advan- The theory of this arrangement is that by enlarging the pipe 
*pMned. ^^ ^^^ Cellar we diminish the friction and facilitate the flow to 
such an extent that we secure a considerable increase in the 
amount of water available for house service. I frequently meet 
plumbers who find difiiculty in understanding what advantage 
can be gained from using a large service pipe, as the amount of 
water which comes in through a five-eighths tap is, they insist, 
no greater than will fiow through a five-eighths pipe. This is 
Relation of an crror. "While the amount of water which can pass through 
'^dtoetCT ^ P^P® bears a certain relation to the diameter of the pipe, the 
°j^pjp^*° length of the pipe is in most cases quite as important an ele- 
ment in the calculation. For example, the area of friction in 
a 1-inch pipe is 3-1 square inches per lineal inch. In a 2-inch 
pipe the area of friction is 6-2 square inches per lineal inch. 
In the case of the inch pipe, however, the volume per lineal 
inch is only about -7 of a cubic inch ; whereas in the 2-inch 
FTictionai re- P^P^ it is ^'l cubic iuchcs. Now, in passing a given volume of 
sistancein -^atcr through a pipe under a given pressure, it is evident that 
a much greater frictional resistance will be encountered in a 
1-inch pipe than in a 2-inch, and that the aggregate of this 
Short and resistance will be in proportion to the length of the pipe. It is 
long pipes. ^ ^gi^established principle in hydraulics that very much more 
water will flow through a short pipe than a long one under a 
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given liead. To state this exactly : With a given pressure the 
discharge is inversely as the square root of the length, or the 
length A-aries inversely as the square root of the quantity dis- 
charged. Thus, for discharges in the ratios of 1, 2 and i 
gallons, the lengths of pipe would be as 16, 4 and 1 — that is to 
say, a pipe 16 feet long discharging 1 .gallon in a given time, 
.would, if 4 feet long, discharge 2 gallons in the same time, and 
if 1 foot long would discharge 4 gallons, the pressure in each 
case being the same. Applying this rule to the case imder dis- 
cussion, we n:ay assume that by reducing the length of the 
five-eighths pipe connecting with the main to, say, 20 feet,. we 
get a flow through it nearly twice as great as we should have 
were it carried back the whole 70 feet. To state the difference 
exactly, if YO feet of five-eighths pipe discharged. 4-47 gallons 
in a given time, .20 feet of five-eighths pipe would discharge 
8-36 gallons in the same time, the pressure in both cases being 
the same. The shorter we can make our five-eighths pipe the 
more, water we shall have, and if we could cut it down to one 
or two feet we should get as much water through it as 80 or 90 
feet of 2J to 3 inch pipe could carry away. Now, by increasing Relative 
the diameter of the pipe we also increase its capacity in a very lOTg^ana"' 
rapid ratio. "With pipes of an equal length, having diameters ^°'®'*p''*^ 
of 1, 2 and 3, the quantity of discharge will be as 1, 5-6 and 
15-6 respectively. In other words, a pipe to discharge three 
times as much as another pipe needs to be only a little, more 
than one-half greater diameter. To be exact, a pipe 1'55 inch 
diameter will discharge three times as much water as a pipe of 
1 inch diameter. It. requires no further explanation to show 
that when we shorten our |-inch pipe to the limit allowed by 
law and increase the diameter of the pipe leading from it, the 
flow of water will be enormously increased, notwithstanding the 
fact that we have only a five-eighths tap and connection with 
house to begin with. By making use of this principle, it is 
possible to pipe a house upon a plan very little more costly than 
that commonly followed in average city houses, and yet secure 
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a much greater supply and a better distribution than is usually 
found. 
Plates I anda. In the illustration marked Plate 2, is shown the sei vice-pipe 
system of a well-arranged city house, which will be better un- 
derstood from an examination of Plate 1, showing the plan of 
each floor, with fixtures. The architect under whose direction 
the house was built has given special attention to the subjects 
of di'ainage and water service, and is one of the few in his pro- 
fession who know how to distribute a water supply in such a 
way as to have a constant service at every cock. The drainage 
sj'stem of the house is shown in Plate 3. 
Description As sliowu in Plate 2, the house is of the usual style of city 
of house. }jQyggg^ consisting of a cellar, basement and three stories above 
ground level. There is also an extension in the rear two stories 
high and about half as wide as the main house. This extension 
contains a laundry with four tubs, servants' bath and water- 
closet on the basement floor and a dining room above. The 
fixtures in the house may be described by floors as follows 
(see Plate 1) : 
Fixtures Baseirient. — Two water-closets, four laundry tubs, one bath 
and one basin, besides the usual kitchen fixtures. 

Parlor Floor. — A butler's pantry, with -one sink and one 
basin. 

Second Flom\ — Two water-closets, one bath and five basins. 

Third Floor. — One water-closet and four basins. 
Main service The Water is brought to the house by a f-inch pipe, extend- 
bi^eh^s^ ing from the tap in the street main to the stop and waste cock 
inside the cellar wall. From this point it is enlarged to 1\ 
inch, carried through the cellar and to the top of the kitchen 
boiler. All branches for a cold-water service at basins, baths, 
closets and wash tubs are made with -l-inch pipe. 

From the level of the boiler top the main service pipe is 
reduced to 1 inch, and so continues up to the level of the sec- 
Reduction in ond story, all branches, as before stated, being one-half inch. At 
this point the main service pipe is reduced to three-quarter inch 
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and extends across the house under the second-story floor. As 
it rises to the third story it is reduced to five-eighths inch, and 
is then branched to supply two of the basins on that floor. The 
other basin is supplied by a ^-inch pipe, carried up from the 
1-inch pipe on the floor below. 

The distribution of the hot water is effected in the same Hot water 

-y^ , - ■ distribution. 

way. Following the general line of the cold-water pipe, as de- 
scribed, it begins at the boiler with 1 inch diameter and is 
carried to the level of the second story. As it turns to cross 
the second- story floor it is reduced to three-quarter inch, all 
branches being one-half inch, as in the case of the cold-water 
system. All the fixtures below the level of the boiler are sup- 
plied through a l-inch line, which is branched in the usual way. 
This gives the smallest amount of main hot water service pipe 
on the floor where the pressure is greatest, while on the upper 
floors the diameter is greater to offset the diminished pressure. 
The circulating pipe extends from the 1-inch pipe on the second circulation, 
floor, down to the branch which ends at the sediment cock. 
This pipe is of one-half inch diameter throughout. 

It will be seen at a glance that the size of the main service 
pipes is in proportion to the quantity of water to be delivered 
beyond any given point. The relative capacity of the different 
sizes of pipe used may be tabulated as follows, the figures oppo- 
site the diameters showing their area in inches and decimals : 



Diameter, inches. Area, inches. 

i.. -30 



Eelatlre 

■^ "19 oapacltleo 

of pipe. 



Diameter, inches. Area, inches, 

li 1-22 

1 -78 

f... -M 

In going downward from a giv^n point the reduction would 
necessarily be very rapid, because the constant increase in the 
pressure would have to be equalized by an increased friction. 
This explains why, in the basement, a half-inch line is all that is 
needed to supply hot water to all the fixtures. 

The practical plumber does not need to be told that it is but 
little, if any, more expensive to pipe a house in this way than 
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AdTuntagea. by the iiietliod commonly employed. The advantages, how- 
. ever, consist in the difference between a distribution which will 
permit every cock in the house to run full bore at the same 
time, and one in which a flow at one point cuts off the supply 
from points in the main line and its branches above or beyond. 
The plan we have described admits of such modification as will 
adapt it as well to one style of house as to another. Its essen- 
tial features are : V 

Essential tea- 1. Where the size of tap and connection with house is pre- 
plan, scribed by law, making said connection as short as possible. 

2. Increasing the diameter of the pipe as soon as the law per- 
mits, and carrying it without reduction beyond the point where 
the greatest quantity of water is needed. 

3. For the sake of economy, reducing the pipe gradually as 

the number of branches 
to be supplied diminishes. 

4. Making branches as 
small as will deliver the 
quantity of water needed. 
In most cases one-half 
inch is sufficient, and in 
some cases three-eighths 
will answer. 

The maintenance of an 
abundant service of hot 
water through a house 
presents few difficulties 
to the practical plumber, 
and the suggestions which 
I shall have to offer on 
this point will occupy but 
little space. The theory 
of heating water in a 




The theory of 

the water 

back. 



Fig. ig. 



boiler by passing it through the water back of a range is gen- 
erally well understood, but may be briefly described for the 
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information of non-professional readers. In the illustration 
marked Fig. 19, the boiler is fed with cold water through the 
pipe D, entering at the top and extending down inside the 
boiler as indicated by the dotted lines. Consequently, all the 
water which comes into the boiler cold is discharged into it near 
the bottom. Being heavier than warm water, it remains at the 
bottom. Through the pipe B the water is supplied to the water cucuiation, 
back of the range, and thence passes back into the boiler through 
the pipe A. The outflow from the boiler to the hot-water cocks 
is through the pipe C, connecting with the top of the boiler. 
"Without applying heat to the water back, we should have 
merely a boiler with its connections, including the water back, 
full of cold water, which, of course, would stand motionless. 
"When we apply heat to the water back, however, we compel a 
circulation throughout the boiler, the water back and the pipes 
connecting them. The reason for this enforced circulation 
■will be seen at a glance. "When water is heated it has the same 
tendency to rise which air manifests under like conditions. In 
a closed vessel we should only have ebullition, more or less 
violent according to the degree of heat imparted to the water. 
In the case of a water back, however, which has an inlet and 
an outlet, both below the line of the head, the heated water in 
its upward flow passes out through the pipe connecting with 
the boiler and is replaced by water from the boiler — its course 
in the water back being indicated in the drawing by the curved 
arrows. Thus a constant circulation is maintained into, through 
and out of the heated water back, which is slow or rapid in 
proportion to the rapidity with which a high temperature is 
imparted to the water. 

It will be seen from an examination of Fig. 19 that the pipe Boiiercon 
which, carries the water from the boiler to the water back is "^" 
connected with the bottom of the boiler, while that which car- 
ries the water from the water back to the boiler discharges into 
the upper part of the boiler. This is done to insure the main- 
tenance of a circulation in the boiler. By placing the hand 
upon a boiler when a fire in a range or stove maintains a circu- 
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lation througli the water back, it will be seen that the upper 
part is hot and the lower part cool — or at least much cooler 
than the upper part. As i the outflow from the boiler to the 
various cocks connected with the hot-water service pipe is al- 
ways from the top, it is obvious that the supply is drawn from 
circulating the Warmest stratum of water in the boiler. Now if, as we And 
'in private houses scientifically piped, the pipe which carries 
the hot water from the top of the boiler through the house is 
brought back and again connected with the boiler at or near the 
bottom, a circulation of hot water is maintained throughout the 
house. The hot water rising within the boiler is replaced by 
cold or cool water flowing into it at the bottom, and is carried 
into and along the pipe by the pressure of hot water rising 

size of eircu- behind it. The pipe by which this circulation throughout the 

gp pes. j^Q^gg is maintained is commonly of small size. Under average 

conditions half-inch is large enough. The way in which this 

pipe is connected with the hot service pipe and the boiler is 

shown in Plate 2. 

Advantages The advantages of a circulating pipe are twofold. It per- 
of circui^aMng ^^-^.^ ^j^^ water coolcd by the radiation of its heat as it passes 
through the hot service pipe to return to the boiler, thus mak- 
ing room for the hot water which follows it. This keeps the 
pipe from becoming cold, and obviates the necessity for empty- 
ing it when ^varm water is wanted on one of the upper floors. 
It also maintains a more equable temperature in the boiler, and 
tends to relieve it from undue pressure. In proportion as the 
temperature of the water in the boiler is raised, its flow through 
the circulating pipe is rapid, and the loss of its heat by radia- 
tion from the pipe will usually keep the temperature in the 
boiler below 212° Fahr. 
Sags. In providing for such a circulation, care must be taken to 
guard against sags. If the pipe drops out of line its own 
diameter, the circulation will be very slow and uncertain, if it is 
not stopped altogether. It is, therefore, especially desirable to 
give hot-water pipes, if lead or tin lined lead, continuous sup- 
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port when carried under floors. If laid upon shelves, any 
stretch due to expansion will be provided for without interfer- 
ing with the circulation. 

In connecting a boiler with a water back, it is a good plan to connecting 
make the upper pipe a little larger than the lower. For exam- water back, 
pie, if |-inch pipe is employed to carry water from the boiler 
to the water back, J-inch pipe should be used to cany the water 
from the water back to the boiler. This gives a free flow and 
promotes an active circulation. It is customary, I believe, to 
make both pipes the same size, but an important advantage will 
be found to attend the use of two sizes of pipe, as suggested. 

The boilers most generally employed in good work are of cop- Bouera 
per, tinned on the inside. These are probably the best, as they 
are lighter, and stronger in proportion to weight, than those 
made of any other available metal. Elack iron boilers, though 
used to a limited extent in some cities, are no longer employed 
in the best plumbing practice, and galvanized iron, though 
somewhat extensively used, are not to be recommended for 
reasons elsewhere given in detail. Kitchen boilers are not Acoidenta 
usually subject to dangers of any kind, but prudence suggests *°'"'"^"' 
the adoption of precautions against explosion and collapse. 
When supplied from tanks, an air pipe carried up to and bend- 
ing over the tank gives the requisite security. When filled 
direct from the mains this precaution cannot be taken — unless 
it is possible to carry the pipe above the point to which the 
water would rise under any possible condition of head or pres- 
sure. For such cases vacuum and safety valves are made, but vacnnm and 
they are not calculated to inspire the impartial mind with un-^ eyvavus. 
limited confidence in their efliciency. They are made of brass, 
and as they are commonly allowed to remain untouched for 
years, they are very liable to corrode fast in their seats and, 
in my experience, are seldom re^dy for prompt action at the 
moment of emergency. Probably they are of little practical 
use. I never heard of but one authenticated case of explosion Explosions^ 
in a kitchen boiler in this country, and that took place under 
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couapses. Very peculiar circumstances. Collapses are more frequent, but 
are rarely attended with any worse consequences than those pro- 
duced upon the toilers. They result from the creation of a 
vacuum in the boiler by the condensation of steam when there 
is a sudden and strong inflow of cold water. If, when water 
is shut off from the house from any cause, the hot-water cock 
nearest the boiler is opened, and left open until the supply is 
turned on again, there is no danger of collapse. I have no 
desire to discourage the use of safety and vacuum valves, but 
if used and depended upon, they need to be frequently looked 
after to see that they are in good working order. 
Water from Generally speaking, water drawn from kitchen boilers should 
' not be used in culinary operations. Indeed, there would be 
very little temptation to do so if the condition of the inside of 
boilers could be seen. They are commonly deeply incrusted 
Water oockB. and usually very foul. In good work a waste pipe with a cock 
is provided, to empty the boiler and discharge the sedi- 
ment. I have no doubt that a great deal of foulness, which 
would otherwise be retained, passes out 
when the sediment cock is opened, but 
from the condition of boilers I have seen 
taken down and opened, I am very cer- 
tain that vastly more remains in than 
passes out. If the pipe which supplies 
cold water was closed at the end and 
perforated for six or eight inches, it 
would till the boiler equally well and 
wash it out a great deal better. This 
arrangement is shown in Fig. 20. 

Of cocks, or faucets, it is scarcely neces- 
sary to speak particularly. They are made 
in almost unlimited variety, and there 
are a great number of patent cocks, some of them self-closing, 
which are competing on about equal terms for popular favor. 
Beiation of Concerning them all it is only necessary to say that the best 
quality, are, as the rule, the most economical. The effort of a majority 
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Fig. 20. 
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of makers now seems to be to compete in cheapness, rather 
than in excellence, and as the consequence the market is flooded 
with cheap cocks in imcounted variety, which are very flimsy 
affairs. Those who want a good article, however, can always 
find it if they buy of responsible dealers and pay the price of 
good materials and workmanship. 

In piping a house, it is of the utmost importance that inteUi- Protecting 

... Bervlcoplpea 

gent measures should be taken to protect the service pipes from from frost, 
frost. Nearly one-half of our country is every winter exposed 
to temperatures ranging from zero down. Searching winds 
aggravate the discomfort of the cold and penetrate every 
comer of our houses. For several months of every year we Houses not 

, . , ,-r 1 o • • T 1-1 buUt for cold 

have m the JS'orthern States a semi-arctic climate, and as we do weather, 
not commonly build our houses with a view to making them 
comfortably habitable in very cold weather, frequent stoppages 
of water service from the ice in the pipes must be expected. 
The houses where the plumber is not needed after every winter 
" cold snap " are few and far between.. Plumbing is often piumDers. 
done as if summer was expected to last through the whole year. 
For this reason the plumber receives in cold weather a larger 
share of honest, hearty abuse than any other mechanic con- 
nected with the building trades. I am not prepared to say that 
much of this abuse is not well merited,, for a great deal of the 
trouble experienced in winter from the freezing and bursting wuy pipes 
of service pipes is due to bad workmanship or to ignorance — 
or both. In New York the trouble , begins about Christmas, 
and unless the season is unusually mild, it grows steadily worse 
until the warm spring sun brings relief, when the long inter- 
rupted flow is resumed and the plumber comes to do .his final 
patching up. During and immediately after a " cold snap " in 
January or February, our streets present a curious appearance. 
At frequent intervals. we see groups of laborers tearing up the Experiences 
pavement, or building bonfires to thaw the .ground enough to 
pei-mit them to expose the buried pipes. During the winter of 
1874 I saw as many as a dozen such groups on one block in the 
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upper part of New York, and while the effect upon the eye was 

picturesque, the effect upon those compelled to pay over and 

over again for the same work, which never should have been 

necessary in the first instance, was not all that could be desired. 

Probably we shall see the same thing every cold .winter for 

years to come, and while the public misfortune will bring 

profit to the plumbers, it will not benefit the trade in the long 

run. 

s«nitar7 evils Regarded from a sanitary standpoint, the evils of depriving 

rupted water a city house of its water service are almost incalculable. The 

' first and most important of these is the impossibility of flushing 

the water-closets and renewing the seals in waste-pipe traps. 

Foul water- TJ^e inconvcuience suffered, great as it may be, is of small con- 

closets. ' ° ./ ' 

sequence compared to the danger of sewer-gas poisoning 

(especially in the absence of adequate soil-pipe ventilation), 

and the nuisance resulting from the accumulation of foul 

secondaryde- matter in wator-closets. A mass of healthy human excrement 

composition, ** 

is an offensive, but not necessarily a dangerous, nuisance at 
first, but it commonly becomes so in from 36 to 48 hours, and 
when houses are without water for a week or two at a time, 
the unclean water-closets may become the source of widespread 
infection. "When water has to be brought into a house by the 
bucketful, very little of it is commonly used for flushing 
water-closets or for the replacement of seals in waste-pipe 
traps, which, in the absence of a regular water supply, have 
Influences \,qqii rendered foul by the absorption of sewer gases. Winter 
the security jg the scason in which the air in sewers acts with greatest 

of water seals ^ 

in winter, prcssuro upou the seals in traps, owing to the closing of the 
ventilating holes in manhole covers by ice, snow and mud. It 
is at this season that our traps and seals are least able to with- 
stand the effects of this back pressure from the sewers. 

Service pipes freeze from causes easily recognized and almost 
always remediable. Commonly, cheap workmanship and igno- 
rant planning are to blame. Plumbers may do a great deal 
toward preventing this freezing ; first, by giving their patrons 
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directions as to tlie best methods of protecting individual 
lionses according to tlie circumstances of the case ; and, second, 
if they have a job to put up, doing it in such a way that 
freezing of the water in service pipes is guarded against. 
There are a great many houses where the plumber, by a little Jacketing 
careful planning and the putting in of a few safeguards in the 
way of waste cocks, or by jacketing pipes with a non-condact- 
ing coat, can prevent the water supply from being cut off by 
frost. 

To prevent the freezing of water in exposed pipes, recourse water wast* 
is commonly had to the expedient of maintaining a constant weather, 
flow from indoor cocks. A circulation is thus kept up which, 
in any but extremely cold weather, will keep the pipes open. 
This is a very easy expedient for the individual householder, 
but when it is followed in half the houses of a large city during 
the greater part of a cold winter, the expense to the public 
treasury involved in paying for the enormous resulting water 
waste is a very serious matter. Few people who have not cal- 
culated it have any idea of the amount of water which will run 
to waste in one night in a stream no larger than is usually con- 
sidered necessary to keep a pipe open in frosty weather. A The how 
stream no larger in diameter than a lead pencil and running stress, 
silently, will easily flow at the rate of YOO gallons in 24 hours. 
"With a head equal to about 30 feet, I have seen an ordinary 
basin cock deliver water at the rate of a gallon in three-quarters 
of a minute. This w£)uld amount to considerably more than 
1400 gallons per day — a quantity more than sufficient for all the 
wants of a family of 20 persons. This waste costs the tax- 
payers a great deal of money, and will probably continue 
wherever water meters are not used. Granting that such a 
waste of water wiU commonly keep pipes open, it must be con- 
fessed that there is no excuse for a condition of affairs which 
renders it necessary. An architect and plumber who cannot 
together pipe a city house in such a way that no interruption of 
the water service from frost need be apprehended until the 
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street mains shall freeze, cannot be considered masters of their 
respective professions. 
Freezing oi One of the points at which freezing occasions much trouble 
" ""^^d! and expense is between the main and the foundation of the 
house. This section of the service pipe can, as the rule, bo 
reached only by digging up the street or tunneling from the 
cellar out, both of which are troublesome and expensive. In 
such cases it is sometimes possible to steam out the pipe by 
means of an apparatus made for the purpose, but more or less 
excavation is generally necessary, with the inevitable accom- 
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Fig. 31. 

paniment of a " nasty muss " in front of one's door. Street 
mains, especially in rocky soils, are often laid within 3 feet of 
the surface. "When the service pipe is carried straight to the 
house from a main thus situated, it is pretty sure to freeze solid 
Difficulty in very cold weather. "Weeks will pass before it thaws out in 
bmieapipes^ t^i6 natural way, and if the plumber attempts it he is likely to 
find it a costly and troublesome job. The best way to protect 
a pipe at this point, and the one which is employed by some of 
our best plumbers, is shown in Fig. 21. The main, which is 
supposed to be 12-inch, is within about 3 feet of the surface, 
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or about 2J feet from the paving stones. After connection is 
made with the main, the pipe is carried down 24 inches, or 
about 5 feet from the surface of the street. The vertical part Boxinff. 
of the pipe and the tap are covered by a wooden box, which 
comes about 5 inches above the top of the main. The box is 
made about 18 inches square, and filled with concrete, mortar, 
tan-bark, or any substance which will exclude the frost. The 
horizontal part of the pipe is protected by its depth below the 
surface. When this simple precaution is taken there will be 
no occasion for digging up tlie street until the main shall 
freeze. 

It is a good plan to carry the service pipe in under the cellar carrying oer- 
floor, with a large stop cock near the foundation wall. When houses, 
branches rise against the side walls they should be provided 
with waste cocks, and should be boxed and packed as far up as 
may be needed to protect them from the frost. 

When for any reason it is difficult to go deep enough to Encasing 

.. 1,- ,.;. burled pipes 

carry the buried pipe below the frost line, it is a good plan to m larger onoa 
inclose it in an iron pipe large enough to leave an air space all 
around. In this case it is very easily and quickly thawed out 
with steam. ' 

In plumbing warehouses, factories, and other large buildings 
with deep cellars and sub-cellars, it is often necessary to carry 
the service pipe across open areas protected only by gratings, 
which are left uncovered to admit light. When this is neccs- Jacketing 
sary, the pipes should be warmly jacketed in some way — either traverse 
by boxing in sawdust, or wrapping with felt or other thick, °''^°°''*''''"'" 
porous fabric. Inside a house they should be carried up in 
some warm, sheltered corner, where they will never be exposed 
to a freezing temperature. As already stated, stop and waste 
cocks should be provided, and the pipes should be so laid and 
supported that they can be drained dry. In buildings improp- 
erly planned, it is not always possible for the plumber to cor- 
rect the original mistakes of the architect without undertaking 
more extensive and costly alterations than the owner or tenant 
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is commonly willing to pay for. He can, however, do much in 
precantions this direction by adopting the precautions suggested. There 
treezing. are many ways in which freezing and bursting can be guarded 
against. The first and best is to have the pipes taken from 
cold corners- and put in warmer positions, where they will not 
freeze. This will cost something, but it is cheaper in the end 
than paying for frequent repairs. This remedy is positive and 
effectual. When this cannot be done, a little contriving will 
enable the plumber to stop up holes, cover the pipes and thus 
protect them in all but the most exceptionally cold weather, 
when recourse must be had to the expedient of emptying them, 
coiddranghts Sometimes they freeze when apparently well placed, owing to 
openings between joints or cracks in woodwork, which con- 
vert the pipe boxes or the niches in which they are placed into 
cold ventilating shafts. Such openings must be carefully closed. 
When a current of cold air follows the pipes up from the cel- 
lar, they will probably freeze however placed. 

I have seen pipes in exposed positions effectually protected 
from frost during long and very cold winters, by bedding thom 
in plaster of Paris, and have several times tried this plan where 
others had failed, with entire success. The material is inex- 
pensive, it is easily applied and presents no difficulties or objec- 
tions, 
iictboasof Of the treatment of frozen pipes I shall speak but briefly. 

thawing £ro- . ... . . 

con pipes. Every plumber is familiar with the expedient of sending steam 
through a small rubber tube introduced into a frozen pipe. To 
steam, do this succcssfuUy a good boiler is needed, with safety valve, 
and a fire lively enough to give a good supply of steam. Some 
plumbers consider hot water better than steam for this kind of 
work, being more rapid and convenient. Nothing is needed 
but a kettle over the fire, the usual rubber tube and a pump. 
Apparatus. The pump should have brass valves, and the piston or sucker 
must be packed with cotton, as the heat of the water will destroy 
leather valves and packing. With such a pump a stream of hot 
water can be sent directly in upon the ice. While an equal 
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weight of live steam is many times more effective than hot 
water, the amount of steam that can be obtained from one of the 
boilers used by plumbers is so small, and the loss from condensa- 
tion before the steam reaches the ice so great, that a steady 
stream of hot water does the work much more rapidly. The 
weight of hot water sent through the pipe can be made, per- Hot water, 
haps, twenty times greater than that of the steam which the 
same boiler and fire would furnish. In most cases, too, the 
water collects in the steam pipe, and the ice is, after all, only 
thawed by a small stream of hot water heated and driven by the 
steam. The difficulty which bends and angles make in the use Bends and 
of this system prevents its adoption in a considerable number °'°^'^*- 
of cases. 

When excavation is necessary, the quickest and cheapest Exoavation. 
mode of procedure in dealing with a pipe leading to the street 
main is to employ laborers accustomed to the work, and dig 
down to the pipe in two places. Then with small shovels tunnel lunneuin?. 
each way, cutting the earth away under the pipe. Then heat 
up with shavings, straw or other light material. When the Thawing, 
pipe is thawed out, it will sink to the bottom of the tunnel, and 
by this means will probably dip below the frost line. The 
tunnel is then filled with earth, rammed in to insure solidity, 
and the pipe will probably be safe for the future. 

These methods of dealing with frozen service pipes are appli- Thawing 
cable only to lead, tin and tin-lined pipes. With iron pipes, pump '^°" '''•'®'' 
barrels, steam coils and the like, the external application of hot 
water, steam or the heat of a fire would be very dangerous. In 
thawing such pipes it is best to employ cold water. The opera- coid water. 
tion is usually tedious, but it averts the danger of a burst, which 
is of more consequence in the case of an iron pipe than in that 
of a soft metal which can easily be repaired by making a solder 
joint. 

When it is impossible to prevent the freezing of pipes, we Guarding 
have one other alternative, and that is to fix them so that they ingot frozen' 
shall not burst if they freeze. There are two or three ways of " ^^^' 
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doing this. The expansion of water in freezing tends to force 
it along the pipe, and does not exert any considerable pressure 
upon the sides until the whole body of water is caught in such 
a way that it must freeze where it is ; then the expansion begins 
to make itself felt. It is on this account that pipes in which the 
cocks are closed by a spring against the water pressure, can so 
frequently be frozen without bursting. As the pressure 
increases the water finds an outlet. Wishing on one occasion 
to prevent the bursting of frozen pipes, I took a short length of 
large iron pipe, closed one end with a cap, and placed inside a 
three inch rubber ball. This little air chamber was then 
Rubber baus. attached to the service pipe by a collar. The collapse of the 
ball under pressure made room for the expanding water, and so 
protected the pipes from injury. This precaution is ineffectual 
at times, because the pipes may be " caught " by the frost at 
two different places at the same time and the water coniined 
between them so as to burst the pipe. If, however, a small 
rabber tube be carried all through the service pipe, freezing 
would be rendered harmless. The smallest size of rubber 
tubing made, which has about one-eighth inch bore, would 
answer perfectly, and if the ends were taken outside the service 
Continuous pipe this might be made a means of thawing out the pipe. This 
c am era. ^.^^ .^ closed at the cuds when they are not taken out, and 
forms a continuous air chamber, the water flowing around it. 
This plan has been proposed a great many times, but I do not 
know that it has ever been put in practice on any considerable 
scale. An ordinary air chamber would answer the purpose 
very well, except for the fact that the air would soon be 
absorbed by the water, and then the chamber would be useless. 
As the bursting of pipes by ice is a phenomenon not gener- 
ally understood by plumbers, a few words on the subject may 
be found of interest. When a substance solidifies or freezes, 
there is always a change of volume, which usually is a contrac- 
tion ; but in the case of water and a few metals, such as cast 
iron, antimony, bismuth, &c., an expansion takes place. The 
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expansion of water at the freezing point is by no means 
gradual, but it takes place almost instantaneously, and the force 
exerted at the time is enormous. Of the amount of force 
exerted by freezing water we have ample testimony in the burst- 
ing of our water pipes and other sadder calamities ; but it is a 
very simple matter to calculate pretty accurately the amount of 
force developed. Grassi proved the compression of water to be 
proportional to the pressure ; he also found from very accurate 
experiments that with a force of one atmosphere, or 15 lbs., 
water was compressed 0"0000503 of its original volume ; and 
knowing that water exerts in expanding a certain volume a 
force equal to the one required to condense it to that amount, 
the following simple calculation will show pretty accurately the 
amount of force exerted by water when freezing : 
0-0000503 : 0-1 :: 15 lbs. : 29,821 lbs. 
That is to say, in freezing, water exerts a pressure of about 
30,000 lbs. per square inch, which far surpasses the strength of 
our stoutest pipes ; and if this enormous power is exerted on the 
pipe instead of being expended in compressing something 
which can yield without fracture, it is not to be wondered at 
that the pipe bursts. 

The quality of water drawn from the best available sources rutration. 
of supply is often such as to require filtration. On this point a 
few suggestions may be of use to the general reader. The man Tue popular 
who buys a filter commonly labors under the impression that 
the water which passes through it will leave all its impurities 
behind. He uses it for a few weeks and probably finds his 
expectations realized, so far as he can judge from appearances. 
It works so well that he gives it no attention. Presently he 
finds that the water is as bad as before he got his filter, and per- 
haps worse. Then the filter is condemned and taken out, and 
no one need talk filters to him again. The truth is that he 
started out with a mistaken notion, and did not give his filter a 
fair chance to do its work. It cannot be left to retain the 
impurities it removes from the water passing through it with- 
out itself becoming foul. 
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impTirities , The impuritics in watei' may be classed under two heads, the 

In water. .- jji. .. ■, ^ .,., 

mineral, or nxed impurities, and the organic, winch may be 
animal or vegetable, or both. Under the first head may be 
classed all those substances which do not undergo decomposi- 
tion, as sand, clay, chalk, &c. The operation of these sub- 
stances is simply to stop the filter's action by making it imper- 
vious to water, the quality of the water changing very little 
even when the filter is well filled with them. With vegetable 
and animal matter the case is different. Arrested at the filter, 
these substances undergo fermentation, more or less rapid accord- 
ing to the temperature and other circumstances. The products 
of the decomposition of many of them are soluble in the water 
and, consequently, as they are dissolved pass easily through the 
filter and make the water even worse for drinking than it was 
before filtration. Take, for example, Croton water during the 
summer months and in the early sj)ring. In the lower wards 
of New York it is found to contain sand, infusorial shells, a 
small amount of vegetable matter, and a small amount of ani- 

Fouiflitere. nial matter, part of which is easily decomposed. The result 
is that when any amount of this matter accumulates in the filter 
it begins to decompose, and is quickly carried through the filter 
either in a dissolved state or else in a more finely divided state. 
At first the filter acts well, but the more impurities it arrests 
the worse the result, for as decomposition sets in there is a 
greater quantity of matter to be acted upon. This decomposi- 
tion of substances arrested by the filter is always a source of 
more or less danger — easily avoided, however, but one which 
must be provided for if pure water is to be delivered continu- 
ously for any length of time. It will be understood that these 
remarks apply more especially to those filters which deliver 
but small quantities of water, and riot to the large ones such as 
are used for water works. 

Futeraiike If jt is dcsircd to make a filter practically efficient, we must 
pursue the same plan we should follow in screening gravel 
through a sieve. After a certain amount has accumulated 



sieves. 
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which will not pass through the meshes, the operation of screen- 
ing is suspended and the sieve emptied. If this were neglected 
too lonff the sieve would become choked and useless. For the cleansing 

Altera. 

same reason, a filter must be so constructed that it can be washed 
clean, or the filtering medium removed and replaced with new. 
When sand is the medium, this is easily and quickly done. sand. 
Sponges and like materials can be washed, and if this isspongo. 
thoroughly done they are as good as new and can be 
used a long time. Charcoal is not easily purified, but ciiareoai. 
is easily replaced with fresh. It is valuable because of 
its vast powers of absorbing and destroying organic matter. 
Artificial stones, sandstones, and other porous materials of a stone, 
similar nature, are good for a little while, but if under pressure 
are very liable to crack and become useless. The fact that they 
are costly and cannot be easily and thoroughly cleaned, is a 
great drawback to their use. Cotton cloth, closely packed, espe- cotton ciots. 
cially if old and fine, would probably answer a very good pur- 
pose, and would have the advantage of being easily and 
quickly washed. For convenience and efficiency, probably 
there is no material equal to sponge, tightly packed. It pre- 
sents a vast amount of surface in a very small compass, and is , 
very elastic and durable. 

Another point to be noted is that it is very difficult to filter 
water when it is forced through the apparatus under heavy 
pressure and at great speed. It should come through slowly. A water shoma 
foot or two of head is enough, and the quantity must not be siowiy.™'' 
large, as the pores of the material would have to be so large as 
to allow passage for dirt as well. A very fair sort of a filter a cheap mtor. 
can be made from two 6-inch fiower pots. Fill one with sand 
and gravel, stopping the hole loosely, so as to obstruct the pas- 
sage of the sand. Pack the other with sponge washed clean. 
It will take considerable, but if much cannot be afforded use a 
smaller pot, and put it in tightly to prevent the water flowing 
through between the pieces. Set the pot filled with sand and 
gravel on top of the other, and allow the water to run through 
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bath. Such a filter will give a good amount of clear water and 
will not require much washing. This will depend, of course, 
entirely upon the character of the water. If it is only clay or 
mud, the accumulation of it will simply diminish the flow, 
while organic matters must, as I have shown, be removed very 
Sponge frequently. Even a cupful of sponge, tightly packed, will 
strain Croton beautifully, and probably remove the worst of 
the impurities, but it will require to be washed often. A little 
ingenuity will enable anyone to devise a convenient and effi- 
cient filter, and if too much is not expected of it, one which 
will accomplish the object sought. The market is well supplied 
with them, and most of those offered for sale wiU do good ser- 
vice for a time if properly managed. 



I CHAPTEE VII. 

TANKS AND CISTERNS. 

In city houses it is sometimes necessiiry to raise the "water Tanks in 
needed to maintain a constant service at water-closets, cocks, '"*^'^'""''^' 
&c., into tanks or cisterns. The reason for this is sufficiently 
set forth in the preceding chapter ; the methods employed in 
raising water wiU be discussed in Chapter IX. Here we shall 
consider briefly the vessels or reservoirs provided for the stor- 
age of water in city and country houses, and their proper care. 

In constructing a tank for the storage of water in a city construction. 
house, it is necessary to observe several conditions, none of 
which can safely be disregarded. For convenience it should be size and 
of size sufficient to supply the average consumption during at ''*'*^"''" 
least twelve hours. This is not imperative, perhaps, for it can 
be filled as often as may be necessary ; but if the work of 
pumping is done by hand, it is likely to be neglected except at 
fixed periods. The tank should, therefore, be so large that it is 
not likely to be emptied before night if filled in the morning. 
Comfort and decency, if not health, demand that water-closets Tanks should 
should never remain foul because there is no water to flush em^ty. 
them ; also, that personal ablutions and the toilet should not be 
interrupted nor interfered with by the want of water. 

When the water stored is to be used only for washing, flush- 
ing water-closets, and for any and all other purposes except drink- 
ing and cooking, it makes practically but little difference what 
the tank is made of, or lined with, provided it be strong, tight 
and durable. In houses occupied by single families, water Tank water 
from tanks is rarely used in cooking or on the table. A ser-neeaeafoJ 
vice is almost always maintained from the street mains at the dSSSg°^ 
cocks on the lower floors, and there is no need of using the 
water which has stood in the tank for culinary or table pur- 
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Exceptions, poses. In tenements, flats, -vvareliouses, office buildings, &c., the 
water drawn on the npper floors is generally taken Irom the 
tanks. In such buildings it is necessary, and in all buildings it 
is desirable, that tanks should be made of some material which 
will not render the water held in them unfit to be taken into 
the stomach. 
Wooden The bcst tanks which I have seen for use in city houses are 

tanks lined ^ . 

with tinned strong woodcn boxes lined with tinned copper. Of this mate- 

■ rial there are two kinds, and between them there is an impor- 

saiammoniao taut difference. In one kind sal ammoniao is used as the flux 

and resin 

as fluxes, in tinning ; in the other resin is used for this purpose. My 

observation leads me to the opinion that the latter only should 

be used for tank linings, for the reason that tin put on M^ith sal 

ammoniao does not retain its hold upon a copper surface under 

water, and a corrosive action is likely to take placer which will 

Superiority of rapidly dcstroy both the tin and the copper. The resin tinned 

with resin, plates cost a little more than those tinned with sal ainvioniac, 

but in durability and security against metallic poisoning, there 

is no comparison between them. 

Wrought- A very good form of water tank is made of rolled iron plates. 

Iron tanks. . ^ ^^.^._ -v p -i -,. ' t> 

riveted up and lined with cement, it the proper quality of 

Cement cement is used — such, for example, as is placed in the bottoms of 

' iron ships or on the bottoms of large aquaria — and carefully 

applied, it constitutes an insoluble and impervious coating which 

Purification wiU last f or many years. Iron tanks are commonly used with- 

contaot with out such lining, and while the water is, if anything, purified 

*^°°' and rendered more wholesome by direct contact with the iron, 

Rust, the presence of too much iron rust renders it undesirable for 

household purposes. This consideration applies especially to 

small tanks containing a supply only eqiial to the daily con- 

Discoioration sumption of ouc or two families. When the tanks are of great 

ruBt^Ste^'st size, as in hotels and other large buildings, the surface of iron 

*°tl^ exposed is so much less, in proportion to the cubic contents 

of the tank, than* in small ones, that no perceptible discolora- 

objeoiionto tion from rust is likely to occur. The objection to small iron 

^""^ta!^". tanks is chiefly found in the fact that the level of the water in 
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them, is constantly fluctuating, and that they are drawn upon as 
freely when but little remains and that little charged with rust 
from the bottom and sides, as when full. Any impervious and r-iningstor 

. . , . n • 1 -11 Iron tanks. 

insoluble coatmg of non-poisonous composition which will pro- 
tect the metal from rust, will render an iron tank all that can 
be desired. 

The use of lead as a lining for water tanks cannot be recom- Leaa tanks, 
mended under any but exceptionjil conditions. "What these condi- Action of 

water on lead. 

tions are need not be considered here, as the action upon lead of 
potable waters of various compositions is discussed at length in 
the chapter following. Untinned copper, yellow metal, galvan- copper, brass 
ized iron and sheet zinc should not be used. Block tin is good, Block tin. 
except under peculiar conditions, but owing to its cost it is not 
likely to be extensively employed. Other things being. equal, a sowerei 

S69>niS. 

metal which can be used • without having exposed soldered 
seams, is better than one which cannot. If kept full and clean, wooden 

■ ... tanks wlth- 

tanks of cedar, cucumber wood, white pine and certain other out umngs.. 
woods, without metallic linings, will be found to answer the 
purpose very well. 

Tanks should be kept clean. This is so evident a truism Tanks should 

.. TT .IT be kept clean. 

that the reader may smile at seeing it stated thus seriously ; but 
I have found, from somewhat extensive observation, that the 
duty of cleaning them is commonly neglected — often for long wegieot. 
periods. As the rule they are placed in inaccessible positions, 
and are rarely examined for any other purpose than to see how 
much water they contain. The dust which falls into them, as sediment, 
well as many of the impurities of the water, settles to the bot- 
tom and clings to the sides, and as tanks are usually so con- 
structed that they cannot completely empty themselves through 
the service pipe, they sometimes accumulate a great deal of dirt 
of very miscellaneous composition. This almost invariably Tanks in teao- 

. . . „ ments and 

occurs in houses divided into " French flats," or let by floors to apartment 

houses 

several families. In houses of the former class, the tank is 
usually under the care of a janitor, who probably pays no further 
attention to it than to see that it is full ; in houses let by floors 
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or apartments, the condition of the tank is the business of no 
Examination One in particular, and it is seldom looked at. 'Not long aero I 

of a tank. ~ a a 

was prompted by curiosity to examine the tank from which 
was drawn all the water used by two families occupying the 
two upper flats in a very elegant building in New York. It 
was filled and drained through lead pipes, which is not to be 
wondered at, as the employment of lead is usual in plumbing 
work. The water was raised by a pump in the cellar, operated 
constniotion by a Small caloric engine. The tank was a wooden box lined 

r^nd condition ' , t ^ . niii 

witli sheet zmc soldered at the corners, and between what may 
be called the high and low water levels — the tank was never 
quite full nor quite empty — the metal was much corroded. The 

Character of color of the bottom and sides was so peculiar that I climbed into 

sediment, jj.^ y^H]^ great difficulty, after drawing off the water, and found 

that the bottom was covered with a layer of soft, oozy mud two 

inches deep. A similar coating covered the sides to a hight of 

Qcantity. twclvo Or fifteen inches. This mud, of which nearly half a 

barrel was removed, I found, upon examination under the 

Composition, microscopc, to be composed largely of earthy sediment and 
organic matter. From the fibrous appearance of the latter, I 
concluded that it was principally the lint of carpets, drawn up 
by the ascending current through the well-hole into which the 
room containing the tank was ventilated. The thick deposit of 
fluffy dust on the edge of the tank indicated the amount which 
must have fallen into it. Exposed to the air for twenty-four 
hours, this composite mud became offensive to the sense of smell, 
and by the end of forty-eight hours, when partially di'ied by evap- 
oration, it had become mouldy. In the eighteen months dur- 
ing which the house had been occupied, no one had thought of 
examining the tank, and the two families had continually 
drank the water decanted from this unwholesome sediment 
Tanks sup- witliout even Altering it. In all houses supplied from tanks 

wfth™um^f there should be pumps upon each floor occupied by a family, 
to lift, from the level to which its head will carry it, all the 
water needed for drinking or cooking. 
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But the sediment was not the only evil discovered during my 
inspection of the tank I have just mentioned. The floor on 
which it was placed was divided into a drying room, three bed- 
rooms for servants, and the tank room, in which was also the 
servants' water-closet. They stood side by side, and the water- conjunction 
closet was as bad as one could be. It was a cheap, loose-jointed ciolet and 
pan closet, so much out of order that half enough water to seal *^°''" 
it would cause the pan to drop. The soil pipe of the house 
ended at this closet, and was without ventilation. As a conse- Dangerous 
quence, the closet was extremely offensive, and the door of the """^ 
tank room was kept closed by the servants so that the smell 
should not penetrate to their bedrooms. From what has 
already been said in the preceding chapters of the capacity of 
water for absorbing gaseous impurities, it is evident that this 
startling juxtaposition of foul water-closet and water tank was 
an evidence of the utter disregard of sanitary conditions which 
characterizes much of the contract building of the present time. 

In the construction of all kinds of cisterns and tanks for the watenn 
storage of water used for drinking (and it may be assumed that b™ree tr^ 
the water constituting the principal supply of a house will eontamina- 
sometimes be drank, or used by careless servants in the kitchen, 
however impure it may be), it is of the utmost importance to 
guard against the poisoning of the water by the gases of decom- 
posing organic matter in sewers and cesspools. It is a well organic im- 
understood and generally accepted fact that the poisoning of sewer gas. 
water by sewage or the gaseous emanations therefrom, is a fruit- 
ful source of sickness. The poisoning of the water in tanks 
may occur in a variety of ways. Gases of a poisonous character 
may find their way into tanks through overflow pipes carried 
into soil pipes and, under some circumstances, through sex-vice 
pipes. These dangers are easily avoided by an intelligent 
arrangement of the plumbing work. The only way to keep 
dust out of tanks seems to be to cover them. Covei-s, if used, covers. 
should be light, tight-jointed and easily removed, and ventila- ventilation. 
tion should be secured by means of air pipes. Water, when 
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purifloation storcd ill caslvs or other closed vessels, seems to undergo a sort 

oX water In j. .j, . ° 

tanks. 01 puriiymg process, by which many of its impurities are 
thrown down as a sediment. Sailors assert that water clears 
itself by " working," after the manner of wine or liquors. This 
is not strictly true, biit it is a fact that most of the impurities held 
mechanically suspended in water are thrown down under these 
conditions, and it becomes really purer and more wholesome 
than when fresh. If we can exclude dust and give sufBeient 
time for settling, water is pretty sure to be improved in qualitv, 
unless contaminated by contact with the vessel containing it. 
cisterns for In this couutry, cisterns in the rural districts are commonly 

■ built underground, of brick and cement. Many country houses 
Objections to have these large underground cisterns, and are supposed to be 

underground • j j •^^ • • j.i j 

cisterns, provided With every convenience necessary in the way of 
^vater supply. Yet instead of having to pump water into the 
house and carry it about in pails, it should run in and dis- 
tribute itself in pipes. There is no difficulty in securing this. 

Elevated Small tauks, supported at a sufficient elevation to give the 

■ required head, are as easily filled from roofs as cisterns under 
Casks and ground. Thoroughly washed molasses hogsheads or wine casks, 
ogs ea s. ^^^ probably the best tanks which can be used in lieu of under- 
ground cisterns. Painted outside and partly filled with 
water, they will shrink but little ; the water will be perfectly 
protected from dust and foul vapors, and there will be no dan- 
ger of metallic poisoning. If a single cask or hogshead is not 
large enough, two or more can be used, connected by pipes at 
the bottom. Each one should be vented separately by a small 
pipe. Protected externally by paint; and closed so that evapo- 
ration cannot take place, a small quantity of water will protect 
them from shrinkage, and save very much of the annoyance of 
above-ground cisterns. Water from the roof should be led to 
them directly, so that any shower may fill them before running 
into the cisterns below ground. 

Washing Provisiou should always be made for allowing the flow from 

roofs, ^j^g j.^^^ ^^ ^^^ ^g without entering either cisterns or tanks, 

because it ftequently happens that after some time of dry 
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weather, dust and dirt accumulate in the gutters, and until they 
have been washed out it is not best to attempt to save the water. 
Besidps providing overflow pipes, a waste p;ipe taken from the 
very bottom, of a tank is convenient, for through it much 
of the dirt may be drawn off and clearer water left above. 
Where a bottom waste pipe can be provided for large cisterns, waste pipes. 
much dirt can be got rid of by stirring the bottom a little, and 
then, by opening the waste-way it flows out, while a large part 
of the water is saved. In some houses the tanks are placed on safes. 
a large sheet of zinc, which has its edges turned up an inch or 
an inch and a half, so as to form a shallow basin. This is inclined 
a little, and at one corner is connected by a small pipe with the 
waste pipe. Any leakage is thus disposed of without going 
down through the house and perhaps doing damage to plaster- 
ing and furniture. 

The cost of setting up a tank of this sort is not necessarily cost of 
great. An ordinary tinman can do it if a plumber is not to be cistems. 
had. In fact, any one who can set a pump and make the con- 
nection may set up a barrel in an upper part of the house, bring 
in the water to it by a pipe from the eaves and carry another 
pipe down to the kitchen. Connections with the wood are not Betaiis. 
difficult, and if the tinsmith cannot achieve a wiped joint, a 
very good, though not veiy handsome one, may be made with 
the soldering bolt. A flange around the end of the pipe gives 
means for making a joint with the wood. 

The size of a tank to hold the water falling upon a given roof capacity at 
is a matter that should be carefully considered. The average *"^'''™- 
rainfall in the Northern States may be taken at about 48 inches 
per year. That is, if all the water that falls on a given surface Average 
in a year were saved, and. none lost, we should have a depth "^ 
of 4 feet. This supply is not very evenly distributed through 
the year. Sometimes ■^rve get 2 or 3 inches in a day, or even 
more, and then there are several weeks without a shower. Could 
we make our tank large enough to hold all the rainfall on a roof 
we should be very well off, but as we cannot always do this wo 
must make some calculations as to the amount of water that 

10 ■ 
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falls and what we wish to use each day. The average amount 
of rain falling in the United States may be estimated at about 
36 inches, or say 3 inches per month. For most parts of tlie 
country this will be an outside estimate, for in some months 
there will be no rain and in others it may reach even 6 inches. 
Amount of ISTow, getting the length and breadth of the roof, we multiply 

water eoUeot- ' O O & J r J 

ea on roofs, them together and find the surface upon which we are to gather 
our water. This will be exact if the roof is not of too shai-p a 
pitch. "When the roof is sharp the size on the ground plan must 
be taken. Half the area of the roof in square feet, multiplied 
by T'^i will give us the greatest amount of water in gallons which 
we can expect to catch in any one month, while the average 
will be one-half of this amount. If we have a roof of 20 feet 
by 40, from which we mean to take water, we shall have 800 
square feet, half of this is 400, which, multiplied by 74, is 2960-0 
gallons — the greatest amount of water we are likely to obtain, 
and 1480 gallons about the average quantity that we shall have 
for storage. By a simple calculation like this we get at the 
quantity of water to be expected. If in this case we find room 
for, say, four 63-gallon casks, we find that we shall have storage 
for 252 gallons, or, say, one-sixth of the water that falls. The 
remainder will then be available for the cistern below ground. 
If there was room for but one of the 63 gallon casks, we could 
then use about two gallons per day the year round, and never 
brougMs. run dry save in the most extreme cases. Bearing in mind the 
fact that there are occasional months of drought, and that our 
storage must, if possible, be large enough to make up for tliis, 
we can easily arrive at some idea of what amount can be used 
daily, and what would be needed to take us over seasons of 
drought. This subject is further considered in Chapter IX. 
Amount of In computing the value of snow, it is probably safe to assume 
'^"Bentedby that twclve inches of snow will make one inch of water in 
^°''^- melting. 

In the chapter on "Elementary Hydraulics Applicable to 
Plumbing Work," will be found many facts of interest in con- 
nection with the subject of tanks and cisterns. 



CHAPTEK Vin. 

TuE CnEMISTEY OF PlUMBING. 

In this chapter it is my purpose to consider some facts The flew of 
relating to the chemical action of "water on metals with which '"i"'^- 
every plnmber should be famihar. These facts will bear its interest to 
directly upon the subject of service pipes, and will include the ^ °™ *"' 
action of water upon the metals principally used in the manu- 
facture of pipes, tank linings, kitchen utensils, &c. As lead is Lead, 
the most common of the metals used in plumbing, it wiU, of 
course, receive the largest share of attention. 

With regard to the safety of lead pipes for the conveyance Diversity of 
of water, there exists a wide diversity of opinion among those gp^^Yead. 
claiming to be authorities in chemistry. For example, no less Franiiin 
an authority than the Franklin Institute of the State of Penn- 
sylvania declares, in its official publication of April, 1871, that 
" there exists no authenticated accounts of the health of the 
numerous towns and cities supplied by leaden distributory 
pipes having been injuriously affected." A direct contradiction Mags. Board 
to this statement had been made three months before by the °' h^*""- 
Board of Health of Massachusetts, who state in their report of 
January, 1871, that on April 8th, 1870, they addressed to their 
correspondents a circular asking the following question : 
"Have any cases of lead colic or lead paralysis occurred inr^adpoison- 
your town or district in which you have been able to trace the ^^ette!*^" 
origin of the disease to water pipes?" To this circular 170 
replies were received from as many different places. In 162 
towns lead pipes were used, and of this number 41 reported 
affirmatively and 20 were doubtful. Tlie affirmative cases in 
the 41 towns in Massachusetts were described in the report, 
and the record is very valuable. On the other hand, the Eng-EngiisiiSci- 
lish Scientific Commission appointed to investigate the subject Sssion. ™ 
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of the action of water on lead, made in their report the remark- 
able statement that " the purest water analyzed by them during 
an extended examination as to the most available source from 
which to supply the city of London, came from a lake which 
received all the washings from neighboring lead mines. 

In recounting the history of the use of lead pipe, authorities 
51. Beiarand again contradict each other. In support of the use of lead for 
water conduits, M. Belgrand, during some remarks before the 
French Academy a few years ago, alluded to the antiquity of 
Lead pipes tn tliis metal. According to Varron, the first aqueduct for convey- 
' ing the Appian water to Home was constructed in 311 B. C. 
From -that time leaden conduits have been constantly used. 
The entire water service in the interior of ancient cities was of 
lead. Each cistern had a branch pipe which tapped a local pri- 
vate reservoir, which was a kind of distributing cistern for all 
the inhabitants of a particular section. The public fountains 
were supplied in the same manner. The public water service 
which connected the public reservoir with the private reservoir 
Paris. '^3.8 always of lead. This mode of distribution, which necessi- 
tated very long leaden conduits for private dwellings, has been 
used in Paris until quite recently. It is yet employed in Rome 
and some other cities, and up to the end of the eighteenth cen- 
iron mains, tury the pubHc water service was of lead. The employment of 
Great dura- cast iron maius only became general in 1T83. There were, in 
"""p^pesta fact, found in Paris a few years ago leaden conduits laid during 
^'""=*- the reign of Philip Augustus, 1180-1223. With these facts in 
Beterand'3 vicw, Belgrand makes this decided assertion : " Until quite 
opinion. j,gggj^(.]y j^Q Qj^e l^as seen the least danger in the use of lead. 
Neither Pliny, nor Frontin, nor any other ancient historian has 
mentioned anything resembling a case of lead poisoning. It is 
only during the last few years that certain persons have sought 
to alarm the public by showing that the use of lead conduits is 
dangerous." But while this eminent authority thus endeavors 
to plead some of the facts of history in behalf of the 900 miles 
of lead pipe in the city of Paris, he omits to notice others quite 
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damaging to his line of proof. For instance, it is not true that contradictory 
the dangerous character of lead was not suspected in ancient *®^"™°°''' 
times. Vitruvius, the Eoman architect (B. C. 46), forbade the vitiavius. 
use of lead for carrying water on account of its poisonous 
qualities, and the physician Galen (A. D. 130) condemned the Gaien- 
use of lead as a dangerous material for water conduits. Apart, RemarkaMe 
however, froni the mere statements of ancient authors, M. pipompaiis. 
Belgrand presents some remarkable cases of the preservation of 
lead pipes. He states that portions of the public water service 
are taken up from time to time, and that " their interior surface 
is always smooth and shows no fraces of corrosion." He sub- 
mitted for the examination of the Academy two pieces of lead 
pipe, one taken from a conduit in the Faubourg St. Antoine, 
which was laid in 1670. After this period of more than 200 
years, the impressions of the sand of the mould in which the 
pipe was cast were distinctly visible in the metal. The other 
sample was not quite so old. 

In seeking for an explanation of facts apparently so contra- Danger of 
dictory, we are met by a variety of results which, viewed with- cinsions from 
out their connections, seem to leave the problem unsolved. In °^^ ^ ^ 
estimating the value of such results, however, it must be borne Laboratory 

• 11 • 1 1 tests. 

m mind that m the laboratory we can only operate on small 
portions of lead and small quantities of water. We also find it 
dilBcult to place the two substances in precisely the same condi- 
tions as they exist in practice. "Waters which in the laboratory 
seem to corrode the lead very slightly, often act very vio- 
lently on the pipes through which they are conveyed. Here, tJncertainty 
then, is a very important source of error in our investigations, investigations 
Tlie subject, therefore, abounds in uncertainties. The chemist 
can state as a general fact that water, under some circumstances, 
will act on lead, but it is difficult to tell in advance how much 
lead a given water will dissolve. The physician is also met by susceptibility 

° ^ ■' "^ toleadpol- 

a still more puzzling fact, viz., that different persons are soning. 
differently affected by given quantities of lead. 
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Physical Tlie plijsical properties of lead are such as to peculiarly 
of lead, adapt it for use as a material for water pipes— so far, at least, as 

convenience of manipulation and cheapness are concerned. 

These are so well known tliat it is unnecessary to discuss them 
Chemical here. It is important, however, to know its chemical composi- 

composltion. , 

tion, as we shall have occasion to consider some of the impuri- 
ties contained in the ordinary lead of commerce. It alloys 
Impurities in very readily with tin, bismuth and antimony. In its crude 

theleadof . \ . ,. . . ■, ■,■-,-, 

common use. state it usiially coutams some oi its own oxide mechanically 

. mixed with it. This impairs its malleability and ductility, but 

increases its resistance to pressure. Commercial lead usually 

contains also metallic impurities. Hard lead owes its hardness 

Reich's to the presence of antimony. The f olloMing analyses of 

analyses. '■ t-, -r, . i o J 

various kinds of lead, by Dr. Keich, are trustworthy : 



Metals. 



Lead 

Arsenic. . . 
Antimony. 

Iron 

Copper. . . . 
Silver 



German Lead. 


Hard 
Lead. 


Antimonial Load. 


Eaw. 


Eefined. 


First 
Specimen . 


Second 
Specimen . 


97.92 


99.28 


87.60 


90.76 


87.60 


1.36 


0.16 


7.90 


1.28 


0.40 


0.72 


traces 


2.80 


7-31 


11. 60 


0.07 


0.05 


traces 


0.13 


traces 


0.25 


0.25 


0.40 


0.35 


traces 


0.49 


0.53 







.... 



Water cor- It IS a remarkable fact that water corrodes lead with a vigor 

pi"onto proportioned to its purity. This was the theory of Sir Eobert 

Its purity, christison, one of the early experimenters in this department 

of chemistry, and it has been sustained by more recent investi- 

Engiish ex- gatious. In experiments made by the English commission 

■'^'''™™*°' appointed to investigate this subject, it was found that 

pure water in contact with lead for 24 hours became highly 

poisonous. 

M.Besnonon A Very clcar explanation of the action of water on lead was 

'"""TieiT presented before the French Academy of Sciences by M. 

Besnon. He says: "Eain water and distilled water attack 
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lead recently cut with great rapidity, and form upon the sur- 
. face and in the water a white, partially crystallline precipitate. 
The steam formed in the distillation of fresh or salt water 
attacks, in condensingj the coolers composed of an alloy of tin 
and lead. On the first day of the operation a greater quantity 
of lead is taken from the surface than on following days." For 
example, in M. Besnon's experiments the quantity of lead dis- 
covered in the water after the first day's distillation amounted 
to 2-17 grains to the gallon. This proportion was decreased to 
1-82 grains per gallon on the third day. In the distillation of 
water for pharmaceutical purposes the same thing takes place. 
Consequently, such preparations as the extract of orange flow- 
ers, brandy, &c., contain traces of lead. 

The action of pure water on lead has been regarded as a sub- Action of, 
ject of great importance by the French experimenters, and the o^t^ " 
results of their experiments are very interesting and conclusive. 
M. La Pierre states that he passed a cun-ent of steam through M.LaPien-o'3 

, . experiments. 

a horizontal lead coil, which was conducted mto a reservoir con- 
taining water. The admission of the steam and the amount of 
the water in the reservoir were regulated in such a manner 
that only a portion of the steam was condensed, while the rest 
escaped to the atmosphere. To cleanse the coil, steam was 
passed through it for eight hours. Steam was then allowed to 
circulate slowly through the coil for three days. The water 
obtained by condensation had a cloudy and milky appearance, 
and gave a deposit of the carbonate of lead. The water so 
collected was filtered, and the residue amounted to 5-22 grains 
per gallon of water. The water, after filteringj did not give 
very satisfactory indications of lead, showing that the corrosion 
of lead by distillsd water gives an insoluble powder— a very 
important fact. M. La Pierre treated this filtered water with 
carbonate of ammonia and then filtered again. The latter 
reagent gave a very slight precipitate of lead, which was left 
on the filter paper. The water coming from the second filtra- 
tion was evaporated, and even this gave a residue of lead 
amounting to one-quarter grain to the gallon. 
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Impurities It has bceu arffued that such experiments do not prove that 
water, absolutely pure water does not attack lead, but that the water 
obtained by distillation, not being perfectly pure, acts violently 
by reason of tlie presence of certain salts. For instance, ordi- 
nary distilled water contains traces of nitric or nitrous acids, in 
combiriation with ammonia, forming nitrite and nitrate, of 
a,mmonia. These salts are volatile, and pass over with the steam 
during the process of distillation. They act vigorously on 
lead, forming nitrite and nitrate of load, which, it is claimed, 
are converted almost immediately by the carbonic acid of the 
air into carbonate of lead. This is not of great importance, for 
as water obtained by ordinary distillation is as pure as any found 
in nature or used in ordinary operations, we are not interested 
Dr. christi- in watcr purer than this. Dr. Christison seems to have settled 
ments. this qucstion very satisfactorily. He added to a certain quantity 
of water some potash, which combines with nitric and nitrous 
acids, forming compounds not volatile. He then distilled the 
water, taking great care to prevent the access of impurities 
from other sources. He subjected some lead to the action of 
water thus obtained, and found that its action was even more 
vigorous than in the ease of the ordinary distilled water of the 
laboratory. 

Air m water The actiou of air in facilitating the corrosion of lead by 
water, is probably very important. If a sheet of lead with a 
bright surface be immersed in a vessel of freshly boiled distilled 
water, and the yessel be tightly closed so that no air can obtain 
access to it, the metal will remain for a long time with scarcely 
any symptoms of tarnishing. But if the vessel is uncovered, 
the water immediately begins to absorb air, and soon the luster 
of the metal is dimmed and small scales of oxide of lead begin 

Corrosion at to form upou it. If a shcct of Icad is partially submerged in 
"'^p^rtiai water in an open vessel, there will be found upon it after some 

Bubmersion. ^jg^yg^ ^t the line where the lead meets the surface of the water, 
yellowish white crystals of hydrate of lead, with crystals of the 
carbonate of lead also. This line, of course, marks the place 
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where botli air and water act on the lead at once. Again, if a Atmospheric 
piece of lead with a bright surface be exposed to a drj atmos- 
phere, and another to a moist atmosphere, it will be found that 
the latter has become tarnished by the formation of a bluish- 
gray coating, while the former remains bright. 

There is no lack of facts to prove that air is an effective ait and water 
auxiliary to water in its action on lead. These facts, while 
demonstrating the theory, no less prove its practical importance. 
M. Bobierre remarks that " when the lead sheathing of a vessel m. Bowerro. 
is corroded and perforated by the action of water, the damage 
is principally sustained at the water line; that is, where the corrosion at a 
sheathing is alternately subjected to the action of water and the water imo. 
oxygen and carbonic acid of the air. Those portions of 
sheathing that are always below the water line are, on the con- 
trary, far less acted upon." In a paper presented by the same 
writer to the French Academy of Sciences, he mentions a very 
interesting and important illustration of the combined action of 
air and water. His attention was called on one occasion to a Examples. 
leaden reservoir used in a hydropathic institution, which had 
been eaten through with holes. The corrosion had taken place 
quite rapidly, although the lead was of the finest quality. A 
careful examination of the case showed, also, that there was 
no fault in the workmanship of the plumber. It appeared, 
however, that the tank was often entirely empty and was sub- 
sequently filled by a stream of water from a cock 3 feet 
above that portion of the surface which the falling liquid 
struck. Here was an excellent opportunity for the combined 
action of water and air, and the result showed the effective- 
ness of this combination. A carbonate of lead was probably 
formed upon the metal, and when the cock was turned on 
this coating was washed away from the one spot by the fall- 
ing water, allowing an opportunity for the formation of a 
fresh coat in the place from which the former crust was 
removed. M. Bobierre also states that on being called in a 
very aggravated case of lead poisoning in Nantes, he discovered 
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that the lead pipes were coated internally with a muddy crust 
of carbonate of lead. He found, also, that the pipe, by reason 
of its position and numerous curves, formed in certain places 
air traps, thus offering all the facilities for an active oxida- 
tion. At Nantes such a case of poisoning is quite uncommon, 
although the pipes are of lead. The reason for such immunity 
M. Bobierre finds in the fact that the metal is kept constantly 
Bobierre's ex- in coutact with Water. In support of this theory, he presented 
andconciu-to the French Academy the results of a very interesting 
™^' experiment. He placed two lead pipes in contact with distilled 
water under different conditions. One was completely 
immersed, while the other was laid so that half should be in 
the water and half out of it. He also placed on a porcelain 
plate a little conical heap of crystalline fragments of lead, and 
then added water to a depth equal to half the hight of the 
metal. After eight hours the water in the vessel containing 
the tube completely submerged, was found to be but little 
affected by the metal. A very marked reaction was obtained 
in the case of the water which only half covered the tube. In 
the case of the water surrounding the broken fragments, the 
action of the air in this case being evidently the greatest, the 
corrosion had been so vigorous that the water actually appeared 
milky from the carbonate of lead held by it in suspension. It 
is a question, then, of considerable importance whether the 
lead is' exposed to the alternate action of water and air, or is 
always in contact with water. " What is true of a pipe,"' says 
Bobierre, in speaking of the action of water on lead, " would be 
true of a tank ; and a pipe which is always kept full by the 
pressure of the water in a reservoir above it, is less liable to 
corrosion than a pipe which is filled by a pump and in which 
the water does not remain for any length of time." 
Moistnre and It is kuowu that when lead is exposed to the action of mois- 
carbonieaoid. ^^^^ ^^^ ^.^ highly charged with carbonic acid, it is readily 
Bioxam. attacked. Bloxam states that the lead of old coffins is often 
found converted into a white, earthy-looking, brittle mass of 
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basic carbonate, with a very thin film of metallic lead inside 
of it. 

The corrosion of lead pipes is often facilitated by heat. In influence of 
the latter part of 18G9, Dr. Wallace, in an address before the toting the 
Glasgow Philosophical Society, remarked that a new and very ot lead, 
different source of danger was revealed by the analysis of water Dr. -waiiaos. 
taken from the cisterns in various parts of Glasgow. It was 
found that water which had become warm by remaining in 
pipes that were exposed to heat, either by proximity to the 
Tisual hot-water pipes or otherwise, was frequently contaminated 
with lead to such an extent " as to render the use of the water 
for dietetic purposes dangerous." Some time ago we had a Loaa poison- 
painful illustration of this new source of danger in a case of York, 
lead poisoning from the use of Croton water. An elderly gen- 
tleman in this city was completely prostrated by paralysis. His 
physician, judging that his symptoms indicated lead poisoning, 
investigated the matter and discovered that the patient had 
been using -wheaten grits for dyspepsia, and that the cook was 
accustomed early every morning to soak them before boiling. 
She used for this purpose the water which had stood in the hot- 
water pipes over night. It is probable that water might have 
been drawn from the cold-water pipes without as serious mis- 
chief. The practice is, however, one which all liousekeepers Lead pipes 
should forbid, and tlie rule of the house should be to allow tlie ompti" of 
water which has stood for several hours in a lead pipe to be run ^^tfr*"* 
off before any is drawn for drinking or for use in the prepara- 
tion of food. 

Prof. W. R. Nichols presents, as an explanation of the in- Prof. Niohois 

T ■ I'Ti,., ■, hypothesis. 

creased corrosive energy which heat imparts to water, the sug- 
gestion that the alternate contractions and expansions of the 
pipe produced by changes of temperature cause a disarrange- 
ment in the particles of the lead and a change in its mechanical 
structure. A physical action, according to this theory, develops Physical ao- 
or accelerates the .chemical forces which previously are either atinsohemi 
dormant or feeble. Whatever may be the reason, it is impor- °* "" 
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tant to be sure of the fact, and the following results ot an 
Corroborative investigation by the same professor give strong evidence of the 
possibility of a dangerous energy being awakened in water by 
the agency of heat. A sample of water was taken from the 
pipes of a private residence in Boston. The water analyzed 
had flowed through 100 feet of tin-lined pipe and then through 
10 or 12 feet of lead pipe. The pipes had previously been in 
use for six montlis. The sample gave '029 grain of metallic 
lead to the gallon, or only -0342 part in 100,000. A sample 
was then taken in the same residence after the water had flowed 
through 40 additional feet of lead pipe (hot-water pipes), 
through a lead-lined tank and an ordinary copper boiler. This 
sample, on analysis, gave '112 grain to the gallon, or -lOl 
Mass. Ins. of part in 100,000. The latter results from water which had 
ogy. ^Q^Q^ through only 50 feet of lead pipe (40 feet being hot), 
compare very strikingly with the results obtained in the chemi- 
cal laboratory of the Massachusetts Institute of Technology. 
In this case the water had flowed through 150 feet of cold lead 
pipe and had stood in the pipes for 14 hours. The water then 
only yielded '057 grain to the gallon, and after enough water 
had been removed to clear the pipes, there was found in the 
sample taken only -0179 grain to the gallon. The results in 
the case of the hot-water pipes were, therefore, not due simply 
to the length of pipes. 
Prof. Eoscoe. A most remarkable and conclusive case was disclosed by Prof. 
Koscoe, of Manchester, England, in November, 1874. He 
irnusuai case ^'ta-tes that he had received from a surgeon of Manchester a 
"'sionln M^r wliitc powdcr takcu from the inside of the covering of a leaden 
Chester, jiot-watcr cistcrn. The interior of the cover presented a honey- 
combed surface, and in many places stalactite masses hung 
down which were from one-quarter to one-half of an inch in 
length. Manchester water has been found, after a considerable 
experience of its qualities, to be, when cold and under ordinary 
circumstances, quite harmless as regards lead. In this case, how- 
ever, an extraordinary activity had been developed. An analy- 
sis of the powder revealed it as a hydrocarbonate of lead. 
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Lead oxide (PbO) parts . 85-67 

Carbonic acid " 1212 

"Water '• 2-21 

Total , 100-00 

Prof. Soscoe presents a very plausible theory for this action. Eosooe'sex- 
He thinks that the powder was formed by the action of water ** ' ""■ 
which had arisen as steam from the surface of the water in the 
cistern and condensed on the cover. This condensed water 
would be very pure and would contain air in solution, which 
would act on the lead. 

A simple chemical fact, usually but little considered, adds chemicai 
weight to the empirical proof presented above. I have already pS^i^t 
described some experiments made to determine the action on 
lead of the hot vapors formed by the distillation of sea water. 
These usually contain some compound of magnesium, generally Mineral saits_ 
the chloride, but often the iodide, bromide and sulphide, and the 
corrosive action of these salts on lead is always increased when 
assisted by air and when their temperature is raised to the boil- 
ing point of water. Of all the inorganic acids, nitric (aqua for- inorganic 
tii) is the only one of common occurrence that acts on lead under 
ordinary circumstances. Of the organic acids commonly used, organicaoias^ 
only acetic acid corrodes lead. The latter acid is the active prin- 
ciple of vinegar. Sulphuric acid (oil of vitriol), unless highly ouofTitrioL 
concentrated, has so little effect on lead that stiUs of this metal 
are used in the first concentration of the acid. Indeed, a little 
sulphuric acid present in water acts as a good preventive against 
the corrosion of the lead. Carbonic acid, as we shall see here- carbonic acid 
after, acts on a moist surface of lead ; but I use the term acid in 
this connection in its popular acceptation. Nitric acid does not Nitneacid. 
often come in contact with lead, but the fact that acetic acid Acetic acicL 
corrodes the metal is of importance. Lead faucets have fre- vinegar 
quently been used for vinegar barrels, and as good vinegar 
should contain from Z\ to 4 per cent, of acetic acid, there is 
great danger in this practice. Such vinegar unquestionably 
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contains lead, and in the form of a virulent poison known as the 
Prof. Mnnroe. acetate of lead (sugar of lead). Prof. Chag. E. Munroe, of Har- 
vard University, analyzed two samples of vinegar that had been 
di'awn from a cask with a leaden faucet. One sample contained 
25 grains of sugar of lead to the quart and the other 144 grains 
Pro/. Hill of sugar of lead to the quart. Prof. Hill, in reporting this fact, 
mildly characterizes the sale of such poison as " criminal care- 
lessness." Our language affords somewhat stronger epithets 
appropriate to the case. 
Lead In elder . Lead is f ouud sometimes in cider and other liquors. It is 
liquors, due in these cases to the use of lead in certain processes of their 
manufacture. The fermentation which takes place when the 
juice of apples is converted into cider results in the production 
of organic acids, and if the process is carried on suflBciently 
long, cider vinegar containing acetic acid is the product. A 
Dr. Adams casc of poisouiug hy lead contained in cider is recorded by Dr. 
Horatio Adams, of "Waltham, Mass. The person so afflicted 
exhibited, after drinking the cider, the usual symptoms of lead 
colic, which were afterward followed by a partial paralysis of 
his extremities. 
Action of or- The action of organic acids on lead is much more active than 
j^'mJ^e^-^^''''^ °-^ inorganic acids. The distinction between the two 
tive than that ^gj.j]jg^ Organic and inorganic, so far as their meaning concerns 
acids, us in this discussion, is simple. "We find in lake and river 
Organic acida Water various acids derived from the decay of bodies once 
riveiTTrator Organized. Such . acids are called organic, whether they are 
derived from the decay of animal or vegetable organisms, the 
latter, however, being the chief source. Tinegar (acetic acid) 
is an illustration, since it is formed by allowing certain bodies, 
as wine and apple juice, to ferment or decay (fermentation 
being an operation ' that goes on in the process of decay). 
Organic acids of various constitution are formed in natural 
waters, but they are so transient in their character that before 
we can separate them from the water in which they exist they 
have changed their form. As the decay of wine produces 
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acetic acid, so the decay of wood produces formic acid, &c. 

These acids frequently decompose soon after their formation character of 

by contact with other bodies, and change their constitution. °^^ <= ^ '<■ 

Sometimes they are soluble in water and color it ; at other 

times they are insoluble and are simply suspended in it. 

These vegetable acids are very powerful in their action on lead. Their action 

They induce the formation of oxide of lead, which is equivalent 

to rusting the lead, and then dissolve the oxide (or rust) so 

formed. Dr. Samuel L. Dana, of Lowell, Mass., remarks that Dr. Dana. 

he has found vegetable acids so abundant in the Merrimac 

River as to dissolve in 21 hours as much lead as pure water. 

The vegetable acids also act upon certain insoluble salts formed 

on the lead by the action of other materials dissolved in the 

water, and cause them to become soluble. Of this and of the 

general subject of the action of organic matter on lead, I shall 

have more to say further on. 

Potash and soda, if they exist in water in very small quanti- potasnand 
ties, do not act continuously on lead. They corrode it very ^°^^ 
energetically at first, causing the formation on the metal of an 
oxide of lead, but the latter is soon converted by the carbonic 
acid of the air dissolved in the water into carbonate of lead. 
This forms an insoluble coating over the interior surface of the 
pipe and defends the latter from corrosion. If the alkalies 
exist in greater quantities in the water, another effect is pro- 
duced. 

Water which has been affected with organic matter, as is the organic 
case when it comes from or flows in the vicinity of vaults or J^^^"^ 
cesspools, is often very strongly alkaline. The alkali in this 
case is neither potash nor soda, but ammonia in various combi- 
nations. Such waters have a destructive influence on lead and 
operate in a very indirect manner. • I have explained that the 
oxygen of the air acts on the lead, forming an oxide which is 
somewhat soluble and very poisonous. The carbonic acid, a carbonate 
gas which always exists in the atmosphere and is generally dis- °' '**^- 
solved in water, usually combines with this oxide of lead and 
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forms a carbonate of lead. The latter operation is attended 
with two good results : First, the carbonate of lead is insoluble 
and therefore not to be feared as a poison ; second, it is formed 
as coating or crust on the interior surface of the lead and pre- 
Dissoived vents the further action of the water on the metal. When, 

by alkalies. 

however, the water contains potash, soda, ammonia or lime, 
these alkalies combine with the carbonic acid and prevent its 
action on the oxide of lead formed on the pipe by the action of 
the water. The consequence is that the poisonous oxide of 
lead, instead of being carbonated, is carried off by the water 
and a fresh, unprotected surface of lead is left to be corroded. 
Indirect ao- The alkalies, as I shall explain, have a further injurious 

lies In water, effect in aiding the water to dissolve salts of lead formed by 
certain waters, and which, being insoluble, would otherwise 
protect the metal. The action is indirect but very corrosive. 
Lime. Lime acts in both these ways with great energy, and although 
the transparency of the water may remain unimpaired, the tests 
for lead will reveal it in large quantities. It is scarcely pru- 
dent, then, to join lead pipes with cement. A number of cases 
have, in fact, occurred of corrosion of lead tanks or cisterns by 
pieces of mortar that have dropped into them, the lime of 
which causes the oxidation of the metal. Sometimes, too, a 
lead pipe is laid in or conducted through fresh mortar, which is 

External cor- frequently moistened. Here an outside corrosion goes on with 

roslonof lead .. /~i*ii_i j.'i» i?j!T_ ±. j? 

pipes m great Vigor. (Jonsiderable quantities ot iresh mortar are ire- 

mortar. q^g^|.|y. deposited in pipes during the erection of buildings. 

The open ends of such pipes should, therefore, be carefully 

closed during the period when this is liable to occur. 

Katurai wa- Water as we usually find it in streams, wells and springs, is 

ters not pure. , __. , . i i i 

seldom even approximately pure. We have considered the man- 
ner in which pure water act's on lead, and it is necessary now to 
explain the manner in which the presence of foreign substances 
in water varies this action. The action, of course, is to a great 
degree dependent on the nature of the substance it contains in 
solution. It is important, therefore, as well as interesting, to 
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recall for a moment the varied composition of water as found 
in different parts of the world. 

Water is an almost universal solvent, . As it falls through the Properties 
air it dissolves the gases that are in the atmosphere. Kain tionotpota- 
water is the nearest approach we have in nature to pure water, *^* ^'^ 
but it generally contains ammonia and carbonic acid, and has ^^'^^*''''- 
been found to hold in solution even sulphate of lime and organic 
matter of animal and vegetable origin. In Paris it has been 
found to contain traces of iodine and phosphoric acid. Eain 
water collected near the sea always shows traces of chlorides. In 
cities and their vicinity, rain water is usually more impure than 
in other places. The first rain that falls during a storm is more 
impure than that which falls afterward, since the first washes 
the impurities out of the air. Dr. Dana states that after long- ocean saita 
continued observation and analysis he has become assured that 
nearly all the salts of the ocean are found in rain water — of 
course in minute quantity. The amount of solid matter in rain soud matter, 
water he estimates at 1-603 grain per gallon. This is a very 
small quantity, but from this basis he estimates that one inch of 
rainfall yields about one grain of solid matter per square foot, 
which is equal to 6"268 pounds per acre. These figures mount 
up rapidly when he states that at the rate of 30 inches annual 
rainfall on the district included in the 12,077 acres of Lake Late co- 

, chituate. 

Cochituate and its dramage land, there are deposited 2,270,959 
pounds salt.- Thus the trifling quantity of solid matter in the 
rain becomes very great when estimated in the aggregate. As 
soon as the rain reaches the earth it begins its work of dissolv- 
ing away portions of the soil, and thereafter, until it reaches 
the sea — where the Water attains its greatest- density — it keeps 
increasing in impurity. The character of the water, then, is character of 
determined by the soil over which it has flowed. The purest mined by soa 
natural water is generally found in deep lakes and in slaty and 
granitic districts, the material of such formations being very 
insoluble. The water supplied to the city of Glasgow is brought 
from Loch Katrine, which contains only two grains of solid Loei^ Katrine. 
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croton. matter to the gallon. This compares very favorably with the 

Croton water of New Tork, which contains 6-66 grains to the 

Thames gallon, or the Thames, of England, which contains 20 grains to 

the gallon. The solid matter dissolved in river water, such as 

is used for drinking, varies in weight from 6 to 50 grains. 

Substances Among the substances, some of which are familiarly known, 
river water, f ound in solutioH in the water of rivers, are sulphate of soda 
(Griauber's salt), sulphate of lime (gypsum), sulphate of magne- 
sia (Epsom salt), sulphate of potash, sulphate of alumina, chlor- 
ide of sodium (common salt), chloride of potassium, carbonate 
of lime (chalk), carbonate of magnesia (common magnesia), car- 
bonate of iron, carbonic acid, silica (sand), sulphuretted hydro- 
gen (the peculiar ill-odored gas found in sulphur waters), phos- 
phate of lime (a substance found in bones), bromides and iodides 
of calcium and magnesium, and vegetable and animal sub- 

impurities stances. Near large towns, the water frequently contains salts 

derived ... ,..',. , ■ ■ x i 

from towns, of uitric and nitrous acids (nitrates and nitrites) and ammonia. 

Spring and Spring and shallow well waters generally contain plenty of sul- 

phate and carbonate of lime, and but little salt. The solid 

matter held in solution often amounts to 150 grains per gallon. 

Artesian Deep or artesian wells generally contain from 50 to 70 grains 

of solid matter per gallon. They mostly contain a remarkable 

proportion of soda salts, and generally carbonic acid. They 

usually have but little organic matter or lime, but often hold a 

considerable quantity of the phosphates in solution. 

Unusual If water did not sometimes contain unusual ingredients in 

in water, solution, and if no disturbing local causes ever operated, the 

much-discussed question of the safety of lead pipes would be a 

very simple one. But, unfortunately, water often contains 

matters in solution which change the order of chemical action 

already described, and cause it to act quite rapidly on the metal, 

often destroying it altogether. On the other hand, the presence 

of some foreign substances in solution may assist in the pro- 

iioot waters tcctiou which somc waters normally exercise on lead. Hundreds 

co^os^TO ^- of analyses have been made of water from springs, wells, ponds, 

tiononiead. ^^-^^g g^^^j ^pg^ rcservoirs, and the results of these examinations 
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clearly demonstrate that most waters contain substances whieli 
render safe the use of lead pipes. Even rain water, which in 
its pure state acts on lead, becomes sufficiently impure by flow- 
ing over roofs and being collected through gutters, especially in 
large towns, to be incapable of vigorous action. Unless their Protectivo 

Impurities. 

action is interfered with by the presence of other substances 
in siiificient proportions, the carbonates, sulphates, phosphates 
and borates exercise a protective influence over lead. On the corrosive 

1 1 • 1 • 1 • . Impurities 

contrary, the sulpmirets or sulphides, nitrates and nitrites, 
chlorides, organic matter and the alkalies impart to water a cor- 
rosive power over lead. 

Well water usually contains a considerable quantity of ni- Nitrates ami 
trates and chlorides, not only in this country, but in Europe. 
Spring, pond and river waters do not contain so much. As corrosion of 

11 in -J- • 111 load by well 

might be expected, well water is oiten corrosive to lead, the water, 
nitrates having this action. Dr. Dana says in all cases which 
he has examined where lead pipe has been introduced into the 
well for the purpose of a conduit, the water has been found to 
contain lead years after the pipe was first used. Such pipes 
have been eroded deeply, and in many instances perforated and 
thereby rendered useless. Lead pipes used in wells have, in mvestiga- 
some cases, been perforated in six months. In one case in sa°oh'us°tt3'!" 
Lowell where a new well was sunk in a district not previously 
crowded with inhabitants or exposed to the drainage of the 
locality, the lead pipe conducting the water was so eroded as, 
at the end of three years, to become entirely useless. New 
pipe was supplied which also became useless at the end of about 
the same time, and the third set of pipe (in use at the time of 
writing) requires frequent repair, having performed nearly the 
usual service of its predecessors. It is not uncommon for the 
erosion to go on within the pipe until the film of lead forming 
the outer boundary of a pit (or cavity on the interior of the 
pipe) is too thin longer to sustain the atmospheric pressure. 
"When the pump is first partially exhausted of air, the film gives 
way, bursting inwardly. The plumber having mended one 
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hole, produces another in the attempt to " catch the pump." 

Dr. Wall. These facts are not peculiar to the well water of Lowell. Long 

ago Dr. Wall, of Worcester, England, noticed that a lead pipe 

was destroyed in about three years by water at a farm house. 

Dr. Hayes. Dr. Haycs, State Assayer of Massachusetts, confirms these facts 

by similar observations on lead pipes in the wells of Boston and 

its vicinity. In one case under his observation, the portion of 

the pipe immersed was corroded so completely that it separated 

Lead poison- and fell to the bottom of the well. Cases of severe lead colic, 

insr from well 

water, paralysis and neuralgic affections, have occurred in instances 
when well water has been conveyed through lead. Aside from 
the abundance of nitrates in such waters, one of the reasons for 
the superior activity of well water on the lead is the greater 
quantity of carbonic acid from the air held in solution in such 
water. This is on account of its coldness. Gases dissolve more 
readily in cold than in warm water. When well water is 
brought to the surface and exposed to the temperature of the 
outer air, it parts with a portion of its carbonic acid and becomes 

Spring water, flat and iusipid. Spring water not containing so much of the 
nitrates and the chlorides, is less energetic in its action on lead. 
Cases of corrosion do occasionally occur, however. An instance 
is related of a minister residing at Dedham, Mass., who was 
attacked by a complication of affections which forced him to go 
traveling for his health. He returned well and, unsuspicious 
of the cause of his troubles, began again the use of the same 
water which he had been drinking before he left. He was 
again prostrated, and this time it was supposed he would lose 
his life. The water was examined and found to contain lead. 
It had been conveyed in a lead pipe for half a mile from a 
spring. The water was abandoned and the disease disappeared. 

The chemical The chcmical law by which the dividing line is drawn be- 
influcnce twceu the two classes of salts, those on the one side protecting 
of salts. ^-^^ jg^^ ^^^ those on the other promoting corrosion, is simple, 
but it can scarcely be explained to those unfamiliar with chem- 
istry without being somewhat elementary and explaining the 
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meaning of the terms carbonates, sulphates, &c. This I shall 
endeavor to do as briefly as possible. 

Among the range of chemical compounds found in nature or Acids, 
produced in art, is a class of bodies called acids. Many of them 
are familiarly known in the practice of ' the mechanical arts. 
Sulphuric acid, commonly called oil of vitriol, is an instance, suiphurio 
It is very corrosive and will combine with most of the metals 
quite readily. When sulphuric acid thus combines with a 
metal, the combination is termed a sulphate of that metal. 
Thus sulphuric acid combines with zinc and forms a sul- suipiiatea. 
phate of zinc (white vitriol), a substance much used in 
calico printing, and as a medicine. Sulphuric acid also com- 
bines with lime and forms sulphate of lime (gypsum), a sub- 
stance often contained in solution in water. It must be under- 
stood, however, that although sulphuric acid is a very corrosive 
acid, it loses this property when it combines with anything, 
such as lime. Nitric acid is another illustration of this class of Nitrioacia. 
bodies. It is also corrosive, and is known in commerce as 
aqua fortis. When nitric acid combines with anything — for Nitrates, 
example, lime or potash — we call the combination nitrate. In 
the cases mentioned, we say nitrate of lime or nitrate of potash. 
The combination has lost the properties of the acid, for when 
an acid combines with a base, as the potash or lime would be 
called by chemists, each neutralizes the other and the compoiind 
lias entirely new properties. Carbonic acid forms carbonates carbonic aoia 
when it combines with a base. For instance, chalk is a com- carbonates, 
bination of carbonic acid and lime — a carbonate of lime. Phos- phosphoric 
phoric acid, which is formed whenever the phosphorus end of °'°''*" 
a lucif er match burns, forms phosphates. There exists in the Ptospbates. 
human bones a substance called phosphate of lime. It is sim- 
ply a compound of phosphoric acid and lime. I have already 
mentioned the borates as a class of substances that exercise a 
protective influence on lead. Borax is an instance of a borate ; Borax, 
chemically it is known as borate of soda. The termination The termina- 
" ate " indicates that some acid has combined with something 
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else called a base. Such terms as chloride and sulphide also 
The (ermina- mean that an acid has combined with a base, but the ter- 

tlon "Ide.* , .111 

mination " ide " shows that it is another kind of acid that has 
entered into combination. Chloride of iron would mean that 
an acid known as hydrochloric acid has combined with iron. 
The termination " ide " instead of " ate " is only a device to 
denote what kind of an acid it is that has entered into combina- 
tion. For instance, chlorate of iron would mean chloric acid 
and iron, while chloride of iron would mean hydrochloric acid 
and iron. 
Combination It is. a peculiar fact that when an acid has entered into com- 

of an acid 

with abase, bination with a base, if another base presents itself the acid 
will often give up the first base and attach itself to the new 
base. For instance, water sometimes contains sulphate of 
lime in solution. In passing through a lead pipe, the lead 
ofEers a superior attraction for the sulphuric acid contained 
in the sulphate and the acid leaves the lime and goes to the 
lead, forming a sulphate of lead. So, also, a phosphate of 
lime in passing in solution through a lead pipe, will become 
decomposed, the phosphoric acid going to the lead and form- 
■ ing a pliosphate of lead. And so it is with the other " ates " 
and "ites" and "ides;" they are apt to form a carbonate, 
a phosphate, a borate or a nitrate of lead, or a chloride or a 
sulphide of lead, or a nitrite of lead. These new combinations 
form on the inside of the lead pipe as a crust. Now, if the 
Salts of lead, new compounds are themselves insoluble in water, they will 
generally continue to form on the inside of the pipe until they 
have become sufficiently thick to protect the pipe from the 
action of the water. If, on the contrary, they are very soluble 
in water they will be washed away, and a fresh surface of lead 
being exposed the corrosion will go on until the metal is eaten 
through. This explanation will render clear the proposition 
Protection Avhich Dr. Christisou has stated, that " the proportion of each 
salt" (for instance, the sulphate of lime, since all such com- 
pounds are known in chemistry as salts) " required to prevent 
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action, is nearly in the inverse ratio of the solubility of the 
compound which its acid forms with the oxide of lead." Theo- 
retically, then, the answer to the whole question would seem to 
depend on the solubility of the salts of lead. The carbonate of soiubuity 
lead is soluble in 50,000 times its own weight of water. This 
means that it is practically insoluble. The sulphate of lead is 
soluble 20,000 times its own weight of water. So far as chem- 
ists have been able to tell, the phosphate of lead is altogether 
insoluble. The nitrate of . lead, on the other hand, is soluble 
in only three parts of water — that is to say, a gallon of water 
has the capacity of dissolving one-third of its weight of nitrate 
of lead. Chloride of lead is soluble in 135 parts of water (a 
dangerous degree of solubility). The oxide of lead is dissolved 
by pure water at the rate of 8 grains per gallon. 

The problem of telling in advance whether a particular sam- TUooreticai 
pie of water will act favorably or unfavorably on lead, would theranOTKo 
not be so difficult if the theory just developed was allowed to ter'aniear" 
remain undisturbed in its application. The trouble is, how- 
ever, that other laws are at work distributing and complicating 
our calculations. For instance. Dr. Nevins has asserted that p, j,g^,„j 
the salts above described as protective of lead, are only so when 
they are present in small proportion. When present in large 
proportions, they seem to permit an action upon the lead. Dr. 
Nevins claims that he has obtained results in his experiments 
which warrant him in this statement. It may be, perhaps, that gaits of load 
the salt of lead formed on the pipe, while not soluble in ordi- ^^0^°^™'"'^ 
nary water, is soluble in water containing an excess of the .sub- ^"1^6™°"" 
stance which caused the deposition of the crust on the lead. The 
following is an illustration of this peculiar chemical law. If we Experiment 
mix some lime in water and, after allowing the lime to settle,''"'^"""'" ' 
pour off the water, we will have a perfectly transparent liquid 
containing lime in solution. If we now direct a stream of car- 
bonic acid gas through this liquid by means of a tube, it will 
become quite milky, and in the course of a short time a white 
powder will settle at the bottom. A chemical change has been 
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effected in the liquid. The carbonic acid has united with the 
soluble lime and formed a carbonate of lime which is insoluble 
in water and therefore sinks to the bottom. If we then stir 
up the mixture and continue to drive a stream of carbonic acid 
through the liquid, the latter becomes clear again. Another 
chemical change has been accomplished. The carbonic acid 
having changed aU the lime into carbonate of lime, went on 
dissolving in the water, and soon the liquid became a strong 
solution of carbonic acid. !Now while carbonate of lime is in- 
soluble in water, it is soluble in a solution of carbonic acid, and 
therefore dissolves and disappears. Whatever may be the 
reason for the action that Dr. Nevins describes, it is well to 
rroteotiTc bear the fact in mind. In relation to it Dr. Christison remarks, 

salts protec- , . - , . , , _ - 

tive only to that if the protective salts are not protective beyond a certain 

degree, limit, it IS necessary to fix that limit before we can deduce any 

practical results from the suggestion. Dr. Nevins has not done 

so. ■ From all that we know of the constitution of natural waters 

that are applied to household use, it is more than probable that 

the proportion of salts necessary to change their own action 

from that of protection to corrosion, is greater than is ever 

likely to occur outside of the laboratory. 

Action of The most perplexing question in connection with the subject 

" is that which regards the mixture of salts, some of which are 

protective and others corrosive. Thus, suppose nitrate of 

lime (a corrosive salt) and carbonate of lime (a protective salt) 

are found in the same water, what will be their probable action ? 

The answer, no doubt, depends on the proportion of the two 

substances as they exist in the water. This matter, however, 

can better be explained after we have considered the action of 

each class of substances which occur in water. But after all 

the questions depending for their answer on theory have been 

disposed of, there still remains the fact that local causes may 

Leaapoison- give us very unexpected results. Prof . Nichols speaks of the 

tag In Salem. ^^^ ^^ -^^ TreadwcU, of Salem, Mass., who suspected that he 

was suffering from lead poisoning, and who sent to him for 
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analysis samples of the water supplied to his house. Lead 
was found to be present in the water in large quantities. A 
specimen of the water from the same aqueduct, but taken from 
another locality, afforded only a trace of lead. Here some local 
cause was operating. Dr. Christison, whose observations on influence of 
tliis subject are always of great value, remarks that unforeseen *°''*"'*°^^'- 
circumstances may counteract all the preservative effects of any 
particular water. 

Most waters, fortunately, contain carbonate of lime, and this carbonate 
substance is the most effective protector of lead that exists in °* "'""■ 
Avater. It is to the presence of this salt in drinking water that 
we owe the absence of lead in most cases in which the test is 
made. I have already explained how the carbonic acid of the 
air dissolved in the water combines with the oxide of lead, and 
thus reaches the latter harmless. It is in a slightly different 
way that the carbonate of lime dissolved in the water affords 
the same protection. Carbonate of lime, which is seen in chaut, ume- 
nature as chalk, limestone and marble, is not soluble in water — marwe. 
or at least is practically insoluble, one part requiring for its 
solution more than 10,000 parts of water. But as it was shown 
in the little experiment referred to above, the carbonate of 
lime is soluble in water containing carbonic acid in solution. 
If gome carbonate of lime be dissolved in water containing 
carbonic acid gas in solution, and the latter be removed by 
boiling, -the water will no longer hold the carbonate of lime in 
solution ; the particles of the carbonate will soon be seen fall- 
ing to the bottom, giving the liquid a milky appearance. This 
experiment can be easily performed by any one, by simply 
boiling a little calcareous (or limestone) water. What occurs Motion of 
in this experiment is similar to what occurs in the lead pipes, ^e oTiea°d 
only the carbonic acid is withdrawn from the water in another 
manner. The oxide of lead is formed by the action of the 
water on the pipe, as has already been explained, and this 
oxidg of lead combines with the carbonic acid dissolved in the 
water, as previously shown. The carbonate of lead is formed 
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and, being insoluble in the water, collects on the pipes. But 
the carbonic acid, having been removed from the water by the 
oxide of lead, the water can no longer hold the carbonate of 
lime in solution, and this collects on the pipes also. Conse- 
quently, the crust formed on the inside of lead pipes in districts 
in which the water contains any limestone, is composed of a 
mixture of carbonate of lime and carbonate of lead, both of 
which being insoluble soon become of suflScient thickness to 
defend the pipe from the action of the water. 

carbonatesof Other carbouates are present in water besides that of lime. 
Md^on* III discussing the constitution of water, I referred to carbonates 
of magnesia (common magnesia) and carbonate of iron. The 
former, though not very soluble in water, is much more so than 
carbonate of lime. It is very soluble in water containing car- 
bonic acid. It acts in a similar manner to the lime carbonate, 
and protects the lead against the corrosive action of water. 
M. Dumas' Au experiment noted by the French chemist M. Dumas is 

experiments. ^Qtgj.gg|;jjig^ ^o^ Only as tending to prove the statements already 
made regarding calcareous salts, but as being one which any per- 
son with moderate skill can try for himself. He took five bot- 
tles, and placed in each some pellets of lead. He then poured 
into the first some distilled water, into the second some rain 
water, into the third some water from the Seine, into the fourth, 
water from the Ourcq (the drinking water of Paris), and into 
the fifth some well water. He allowed them to stand, and 
presently tested them with sulphuretted hydrogen, a delicate 
test for lead. The distilled water gave unmistakable signs of 
lead. The water in the other bottles showed no lead whatever. 
All of the latter specimens contained calcareous salts. 
Carbonate It is claimed that there are two or three substances whose 
presence in water prevents the carbonates from exercising their 
protective influence. One of these is carbonate of soda (soda 
ash), but so far it has never been shown how much of it there 
must be in the water to interfere with the action of the other 
carbonates ; and besides, as this substance always exists in water 
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as the bicarbonate, wbicli lias no such effect as is claimed fpr 
the carbonate, the question seems of little importance. Another carbonic 
substance is carbonic acid gas itself. We have seen that the 
carbonate of lime is dissolved in water containing carbonic acid* 
in excess. Now, unfortunately, if the carbonic acid is in great 
excess, it enables the water to dissolve some of the lead. 
Herein is the great danger of employing lead pipes in soda- Lead pipes m 
water fountains, for this beverage, being nothing more than fountains, 
water highly, charged with carbonic acid, acts vigorously on the 
pipes and becomes poisonous. Fortunately, however, in nature 
, waters highly charged with carbonic acid are rare and are gen- 
erally medicinal in their character. Such are the waters of 
Carlsbad, Spa, Pyrmont and Seltzer. Prof. Marais made an prof. Marais- 
experiment in which he produced the conditions present when ^^^^^ ™™*' 
soda water is drawn from leaden pipes. He allowed some 
water holding carbonic acid dissolved under pressure to act on 
a piece of sheet lead for some time. He afterward tested the 
water and found that it contained in solution about one grain 
of carbonate of lead per gallon. It would seem, then, that un- 
der ordinary circumstances a pipe ought to last for an indeiinite 
time ; but, notwithstanding all that has been said, we do occa- 
sionally find pipes that have worn out. Prof.- Ripley, in aprof,Ripiey. 
report to the Massachusetts Board of Health, from which I have 
before quoted, speaks of a specimen which had been in contact 
with cold water only for a period of fifteen years, which was 
so corroded in the vicinity of the solder joint as to be eaten 
through, and along the pipe there was a thick coating consisting 
almost entirely of the carbonate of lead (with organic matter, a 
little carbonate and sulphate of lime and a trace of the oxide of 
iron), which had penetrated the pipe in some places to the 
depth, of one-fifteenth of an inch or more. The protecting car- 
bonate of lime was there, but the protection was not perfect. 
Here we find another instance of the influence of local causes 
in defeating the action of general laws. .The proof which causes which 
establishes the protective action of the carbonates is ample, and protective 
we must look elsewhere to find a reason for occasional excep- cwbonatea** 
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tions to the general rule. The water is sometimes delivered 
under great pressure, and other physical agencies tend to impair 
the strength of the pipe and to promote corrosion. 
Sulphates "VVatcr may contain several sulphates. I have already spoken 
of sulphate of soda (Glauber's salt), sulphate of lime (gypsum), 
sulphate of magnesia (Epsom salt), sulphate of potash and sul- 
phate of alumina. The sulphates, except in a few cases, arc 
not found to such a large extent in potable waters as the car- 
proportion of bouates. The following table gives the number of grains per 

carbonates ii»i nii .ii.t. i 

and sulphates gallon 01 carbouatcs and sulphates m the drinliing water used 
supplied to by the cities of New York, Boston, Philadelphia, London and 
™*'**°' Liverpool. The fourth column gives by percentage the pro- 
portion of the sulphates to the carbonates, showing how much 
the carbonates exceed the sulphates in their distribution in 
natural waters : 

Carbonates. Sulphates. 

Name. Grains per gallon. Grains per gallon. Per cent. 

Croton 4-668 0-388 -10 

Cochituate (Boston) 0-830 0-102 -12 

Schuylkill (Philadelphia). 3-867 0-057 -01 

London 10-972 5-765 -53 

Liverpool 0-870 1-000 1-15 

Action of Sulphates act like carbonates and protect lead from corrosion. 
' M. Fordos records an interesting experiment which explains the 
M Fordos' manner in which the sulphates protect lead. He agitated a 
expe men . gQ^^^-jQ,^ q£ sulphats of soda in contact with some pellets of lead 
in presence of air. There was soon formed a white powder 
consisting of carbonate of lead and sulphate of lead. The fol- 
lowing action had gone on in the liquid : The oxide of lead 
had acted on the sulphate of soda and had abstracted some of 
its sulphuric acid. This liberated a little soda, which then 
combined with the carbonic acid of the air and formed carbon- 
unstawe ^*® ^^ sods,, which in turn was acted on by the lead, forming 
combinations carbouate of lead. It must be remembered that such chanees 

of acids with o 

bases, as thcsc are constantly occurring, one substance displacing an- 
other from its combination and the displaced substance com- 
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billing with something else. It is the course of things which is 
actually carried out in the water pipe. 

In ground abounding in iron pyrites (sulphide of iron), disor- suipWdo and 
ganization and oxidation of the sulphide often takes place, the oi'S^on!" 
product being sulphate of iron, or copperas. The latter substance 
frequently finds its way into water, and must be classed as an 
exception to the rule regulating the sulphates. It indirectly 
causes a very serious corrosion of the lead. It is true, however, 
in the case of the sulphates as in the case of the carbonates, that 
their presence in water does not prevent the water from dissolv- 
ing a trace of lead. It is merely a scientific fact of no great 
practical importance, as the quantity of lead dissolved is so 
small, although a trifle larger than in the case of the carbonates. 

The action of the phosphates, it is agreed, is to prevent the Action of 
action of water on lead. The phosphate of lead, which iSojieaS*'** 
formed when water containing those salts flows through lead 
pipes, is quite insoluble. The importance of this fact, however, 
is not very great, as but few waters contain phosphates. The Large pcr- 
Croton is a remarkable exception, as it contains, according to phosi^ates. 
Prof. Silliman's analysis, 0*832 grains to the gallon, or more '" ''"*''°' 
than as much as of sulphates. The other waters mentioned in 
the table contain no phosphates at all except in the case of some 
of the water supplied to London, which contains a trace of 
phosphate of lime. The protective influence of the phosphates 
may be completely destroyed by the presence of organic matter. 

When water flows over iron pyrites it becomes impregnated 
with a gas very offensive to the sense of smell. It is called sul- suiphnrettod. 
phur water, and owes its offensive smell to sulphuretted hydro- 
gen. It is claimed that sulphur waters attack lead pipes very- 
vigorously. They form an insoluble sulphide of lead on the Action o( e^a. 
pipes; but inasmuch as the sulphuretted hydrogen dissolved in onieaa? 
the water is a gas and acts directly on the lead and without the 
intervention of the formation of the oxide of lead, it is likely 
that the coating of the sulphide presents no obstacle to the con- 
stant corrosion of the lead by the gas. The use of lead pipes 
for the conveyance of sulphur water is, I think, unsafe. 
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Action of Waters containing nitrates and nitrites usually attack lead 
nitrites vigorously, forming nitrate and nitrite of lead, both of which 
*" *™''" are readily soluble in water and very poisonous. They corrode 
the lead ; the resulting salts are washed away, leaving the sur- 
face of the lead clean, and the corrosion goes on. Both nitrates 
and nitrites are formed from the action of organic matter and 
act in much the same way. For convenience I may call them 
both nitrates. 

Action ot A very small quantity of nitrate of ammonia in water, or of 
inVoportion ^'^J Other nitrate, acts just as vigorously as a large quantity. In 

*°ta™ter! some experiments made by Dr. Muir, a grain and a half of a 
nitrate to the gallon seemed to act as vigorously as double that 
quantity. If the quantity of nitrates be sufficient, they will 
corrode a pipe even in the presence of other salts, and in cases 
in which pipes badly corroded have been examined, a crust of 

Dr. Muir'3 carbouatc and sulphate of lead has often been found. Beneath 
' this coating pits in the lead were discovered, sometimes far 
apart and sometimes close together ; sometimes a few in num- 
ber and sometimes numerous. " The coat over these caverns," 
says the experimenter, " was generally elevated and mammillary 
protuberances were thus proditced. The action had been most 
energetic beneath this elevated portion of the coat, the pits 
being generally bright and of metallic appearance." The action 
of the nitrates is often facilitated by the presence of certain 
other salts, such as copperas (sulphate of iron). 

souTceg of The sourcc of the nitrates is the decay of animal or vegetable 

" "^ate" material. This furnishes the nitric acid which combines with 
the lime, or alkali, or other basis found in the soil, and forms 
nitrates. Nitrates are largely formed in stables and wherever 
sewage is allowed to ferment or decay. "Wells often contain 
considerable quantities of nitrates. Kiver water, especially after 
a freshet, and spring water sometimes contain nitrates, but in 
fluctuating quantities. The East London Water Company's 
water contained seven-tenths of a grain per gallon, but this 
quantity as yet seems to have produced no bad results. 
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The chlorides are much less vigorons in their action npon cauoride 
lead than the nitrates and nitrites. Common salt is an example 
of a chloride. Its chemical name is chloride of sodimn. When Formation 

of cIiIoTldes 

soda is dissolved in hydrochloric acid (muriatic), chloride of 
sodium, or salt, is produced. In like manner, when potash is 
dissolved in hydrochloric acid, chloride of potassium is pro- 
duced. This brief explanation may show the meaning of 
the term chloride, which indicates, without going too deeply 
into the theory of chemical combination, the union of hydro- 
chloric acid with some base, like potash, soda or lime. 
Chlorides are abundant in waters, and an exact knowledge of cuorwes 
their action on lead is important. The chlorides found in excess of 
water are chloride of potassium, chloride of sodium, chloride 
of calcium, chloride of magnesium, and, rarely, chloride of 
aluminum. By reference to a table already given, the reader 
wiU see the amount of chlorides per gallon in the water sup- 
plied to several large cities. The chlorides are usually present 
in greater proportion than the sulphates in potable waters. A 
well at Hartford, Conn., yielded on analysis, 15J grains of 
chloride of sodium, 10^ grains of chloride of calcium and 2^ 
grains of chloride of magnesium per gallon, or 28'398 grains 
per gallon in all. The lied Kiver contains 38 grains of com- 
mon salt per gallon. The Hampstead water supplied to London 
contains as much as Y grains of salt per gallon. The Trent, of 
England, holds in solution 17^ grains per gallon. Now, with Action of 
reference to the action of these chlorides on lead, concerning on °ead!' 
which it is very important that we be exact, chemists differ. 
The generally received opinion has been for a long time that 
the presence of the chlorides facilitated the corrosion of the 
lead. The chloride of lead, which is formed by the action of 
a chloride on that metal, is slightly soluble in water, one part 
of water taking up -j-^ of its weight of the salt. Thissombuityof 
amount of solubility is very dangerous, as the proportion 1 to 
135 means l-l- ounces of the poisonous salt to the gallon. OuMnir'sex- 
the other hand, Prof. Muir, after extended research, gave as 
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one of the results of liis investigations, in a paper read before 

the Glasgow Philosophical Society, that the chlorides do not 

increase, but rather diminish, the action of water on lead, and 

soiubuity of that, too, when the water contains a nitrate. Perhaps the sin- 

8alt3 depend- ' 

ent upon con- gular result of the professor's experiments may be explained by 
considering a fact to which I have already referred, and the 
disregard of which has been an occasion for stumbling to many 
experimenters, viz., that some salts which are only partially 
soluble, or quite insoluble, in water, may have their condition 
as regards solubility entirely changed by the introduction of 

Mnir'a expert- another salt. Prof. Muir suspended bright sheets of lead in a 

ment not con- 

elusive, solution of chloride of calcium. Had he chosen another 
chloride his results might have been different. The action of 
the chloride on the lead produced a chloride of lead which did 
not dissolve, and consequently the water showed only traces of 
lead. It is known, however, that the eflfect of chloride of cal- 
cium is to prevent the solution of the chloride of lead already 
formed; for, although the latter is soluble in 135 parts of 
water, it takes 634 parts of water containing chloride of cal- 
cium to dissolve it. The experiments of Dr. Muir, then, 
cannot be regarded as disproving the experience of the past. 
Chlorides act There is an important difference between the action of the 
outtheiorma- chloridcs ou lead and the action of the other salts to which I 
oxide, have referred. The latter require that the lead should be first 
oxidized or rusted before they can act. The chlorides act 
directly, without the formation of an oxide. No air, there- 
fore, is necessary in such action. It follows from this that the 
Aotionof chlorides will act in cases in which other agents fail. The 

chlorides •jiti.iti 

continuous, actiou ot the chlondc, also, does not stop with the formation of 
a crust on the lead, as is the case with 'the carbonates. It is 
continuous. The process of solution goes on until all the 
salt is used or the lead entirely dissolved. After a time 
little white knobs will be found on the lead, varying in size 
from a pin's head to a pea. If these are removed the lead 
will be found to be pitted and very bright in these places. But 
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besides their direct action, tlie chlorides have an indirect influ- 
ence, since they tend to render soluble in water the otherwise 
insoluble sulphate of lead. 

The corrosive action of the chlorides has an especial impor-cuoridcsin 
tance in connection with sea water, or those portions of rivers 
impregnated with tide water. Sea water usually contains from 
2 to 3 per cent, of its weight of common salt. The following 
table shows the nunaber of parts of the chlorides in 1000 parts 
of sea water. Two specimens are given, one from the British 
Channel and one from the Mediterranean : 

Salt. British Channel. Mediterranean. 

Chloride of sodium 28-059 29-4:24 

Chloride of potassium . . . 0-766 0-505 

Chloride of magnesium. . 3-666 3-219 



Total chlorides 32-491 33-148 

It should be remembered that the corrosive action of the cuorides less 
chlorides is not nearly so great as that of the nitrates, for the orieaathM 
chloride of lead is much less soluble than the nitrate of lead, "'*''*"''- 
and the former may, therefore, be formed on the pipe as a thin 
coating which, under some circumstances, may act as a slight 
protection, although it is liable to be, and is, constantly washed 
away by the dissolving action of the water. 

The evidence of the action of the chlorides, as deduced from Evidences of 
cases 01 disease, is somewhat uncertain, as m a record oi cases jngdueto 
of lead poisoning a careful analysis of the water is seldom "^"^"^^^ 
given. Dr. Christison speaks of a house in Banfshire which 
was supplied through lead pipe with water from a spring 
three-quarters of a mile distant. Two and a half years after 
the owner's occupation of the house began he was seized with 
severe abdominal complaints, apparently incurable. He left 
the place and went to Edinburgh, where he recovered. He 
returned home and began to use the water from the lead pipes, 
and his disease returned. An analysis of the water showed the 
presence of lead in it. A more thorough analysis showed the 
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solid contents of the water to he -rriinr) ^ large portion of which 
was chloride of sodium. 

Lord Aberdeen's country residence was supplied with water 
from a spring through lead pipes. Several inmates of the house 
were presently taken sick with lead disease. A white film was 
discovered on the chamber water bottle. Treatment fur lead 
colic removed the difficulty. The analysis of the water showed 
that ^-jVu- of it was solid matter, most of which consisted of 
chloride of sodium. 
Iodides and Tlic lodides and bromides have an effect upon lead very simi- 
rom 63. j^^ ^^ ^j^^^ exerted by the chlorides, but they are rarely found 
in potable waters, and then in very minute quantities. They do 
not need, therefore, to be classed among the agencies of corro- 
sion to which lead pipe is commonly subjected, 
organio The action of organic matter upon lead is usually prompt and 
' positive. By organic matter is meant animal or vegetable sub- 
The Tegeta- gtauccs and their immediate products. This part of the 

ble acids. ■*■ 

investigation has been to some extent anticipated by what I 
have said respecting the action of acids ; but organic matter 
does not exist in water simply in the form of vegetable acids. 
Sources ot In f act, the acids formed by the decay of organized bodies in 
tamination. watcr are only intermediate compounds. The composition of 
the organic matter varies with every stage of decay. Changes 
in temperature, contact of other substances and exposure to 
the air, induce a constant change in the constitution of such 
materials. As a consequence, organic bodies of various constitu- 
tion are found in water. 
Occurrence Thc Organic materials present in water are of two kinds — 

of organic 

matter In they occur m a state of solution, or are snnply suspended in the 
water, retaining in a finely divided condition their solid form. 
They sometimes give the water an acid reaction and sometimes 
an alkaline reaction. 
Soluble Soluble organic matter may be derived from vegetable 
n^atter! dccomposition, in which case there is generally no nitrogen, 
and, consequently, no ammonia present, or from the decay of 
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iajiimal matter, which gives rise to the formation of nitrogenotis 
compomids (ammonia and nitrates). In fact, the latter class of 
compounds usually contain, according to Dr. Wm. Proctor, of 
England, from 2'5 to Y per cent, of ammonia, a dangerous con- 
stituent in respect to the action of the water on lead. Kiver-inimaiand 
water usually holds in suspension or solution a considerable matter in 
quantity of matter of animal and vegetable origin. Such are 
weeds, fish spawn, leaves, mud and microscopic animals. 
The decomposition of these bodies produces organic com- 
pounds. 

The action of such substances is most important. If they Action otor- 
are simply held in suspension, they may generally be kept out onie^****^ 
of the pipes by a proper method of filtering. If they are 
allowed to enter the pipes, they are apt to lodge in some 
bend or angle, where they form a nucleus around which 
other organic matters may collect. Here they decompose and 
form compounds which dissolve away the protecting crust of 
carbonate of lead and corrode the pipes. By their decomposi- 
tion they evolve ammoniacal compounds and nitrates, both of 
which are destructive to lead. I have already referred to the 
action of the vegetable acids and alkalies. If the organic mat- 
ter is dissolved in the water instead of being held in suspen- 
sion, it cannot be kept out by means of filters, and if it is 
present in large quantity, it renders the water dangerous to the 
safety of lead. 

The process of decay, or fermentation, gives rise to the ele- Decay ana 
ment of danger in the presence of organic matter in the pipes. of™Siiic'"' 
Decay, or fermentation, is simply the decomposition of a body ^Ipes"*" 
into its constituents, and the recombining of these constitu- 
ents in new forms with new properties. It is a chemical 
principle generally conceded that an element, in passing from 
one state of combination into another, is most active in its 
properties. So generally recognized is this principle that the 
adjective nasGent (meaning new-bom) is applied to a body in 
such a condition. In the process of decay many substances 
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must be passing into their nascent condition, being liberated 
by decomposition, and out of it again when a new combination 
is formed by the free substance. During this nascent condition 
the free substance is likely to attack anything which may be 
present and for which it has an affinity. "Whenever, therefore, 
lead is exposed to contact with fermenting matter, it is rapidly 
oxidized, and the oxide thus formed is dissolved by the organic 
acids which result from the fermentation. Even if the salt 
formed by the organic acid and the lead is insoluble in water, 
it may be dissolved by an excess of the acid in the water. The 
principle in accordance with which this takes place has already 
Corrosion of been referred to. Lead is often corroded by contact with 

lead by con- 
tact with de- decaying wood. In Amsterdam lead roofs were substituted for 

tiles. The inhabitants used, for culinary purposes, water col- 

Lcad poison- lectcd f rom the roofs and through lead gutters. Lead colic, 

sterdam. whicli had rarely appeared in that city, broke out as soon as the 

lead roofs were introduced, and in a violent form. .Doubtless 

the purity of the rain water had much to do with the result, 

but as the trouble occurred especially in the autumn, the 

inhabitants ascribed the rapid corrosion, in great measure, 

to the decaying leaves which at that season lie on the roofs. 

Experimental An iUustratiou of the action of organic matter on lead mav 

Illustration of . » . . , . , 

the action of be obtained from a little experiment which any one may per- 
ter on lead. form. If a Strip of bright lead be immersed in a glass of 
dark-colored rose water exposed to the air, the water after 
some time will usually be rendered colorless. The organic 
matter of the rose water is decomposed by the lead, which itself 
during the process is corroded. If such water be tested after- 
ward it will be found to contain lead in solution. 

One of the most important features of the action of organic 
matter on lead is the fact that it enables water to dissolve some 
of the protective salts of lead, such as the sulphate and phos- 
phate. 
Amount of The amount of organic matter in water is variable. There 
tCT tat wSer! is generally a small amount in all waters. Even water from 
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granitic districts, according to Dr. Proctor, contains from 0-3 
to 0-7 grains per gallon, while water whicli has permeated 
vegetable soil may afiord 12 to 30, or even more, grains per 
gallon. The amount of organic matter generally depends on 
local causes. The sources of organic matter derived from 
animal decay are numerous, chiefly animal excreta and the 
refuse of manufactories. The contents of sewers and cesspools sewage con 

_ . . , . ^ , 1 •! tamlnation. 

dram into sprmgs or rivers, or else the water permeates the soil 
more or less impregnated with sewage. Water may be contam- 
inated in this manner by a nuisance at a considerable distance 
from it, depending on the porosity and tenacity of the soil. 
There is very little doubt that to this cause many cases of corro^ 
sion of pipes and many accidents are due in localities where 
the constitution of the water and the general experience point 
to safety in the use of lead pipes. Neither the Croton nor 
Cochituate water usually contains organic matter. The Schuyl- 
kill water, on an analysis by Prof. Silhman, Jr., showed 0-08 
grain to the gallon. 

"We have considered the action of each salt as though a water Action on 
could be found which contained only one salt in solution. The 'ontaui^''''^ 
fact is that waters often contain several salts, and the question "^^'^ ^^^^ 
naturally arises. May not one salt interfere with or affect the 
action of another ? On this question Prof. Muir advances some muit-s expen 
opinions based upon experimental tests. He poured into a clean ™r°J saus. 
flask 500 c. c. (about one-tenth of a gallon) of water, and poured 
a similar quantity into each of several other flasks. " To these 
were added weighed quantities of various salts. Pieces of clean, 
bright lead were then suspended by threads in these solutions, 
so that the liquid should have free access to all parts of the 
lead. Thus the surface of lead acted on could be accurately 
determined. Each piece was of the same size, and the surface 
acted on was 8'65 square inches. The flasks were set aside for 
24, 48 and 72 hours, and at the expiration of each period the 
amount of lead dissolved was estimated." An idea of the accu- 
racy of the operation by which these amounts of lead were 
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estimated may be gained from tlie fact that the reaction em- 
ployed was suflSciently delicate to detect two parts of lead in 
Results. 1,000,000 parts of water. He gives the results of his experiments 
in tabulated form, and from this table I take so much as refers to 
mixtures of salts, changing the arrangement for the sake of 
greater clearness. The first column gives the number of the 
experiment ; the second gives the names of the salts placed in 
the flask in which the experiment was carried on ; the third 
gives the proportion of the salts (the strength of the solution) 
in grains per gallon ; the fourth, fifth and sixth give the esti- 
mated amount of lead dissolved in the water at the end of the 
three periods, 24, 48 and 72 hours. 



o 
u 

t 



Names of Salts. 



Mtrate of ammonia. 
t Nitrate of potash. . . 
( Sulphate of soda. . . . 

Nitrate of ammonia. 

( Nitrate of potash 

( Sulphate of soda 

( Nitrate of potash 

( Carbonate of potash 
( Nitrate of potash. . . 
< Sulphate of potash. . 
f Nitrate of ammonia 
■I Carbonate of potash 
t Sulphate of soda. . . . 

1 Sulphate of soda. . . . 
Carbonate of potash 
Chloride of calcium. 



C3 
M SKI 

a u 



Grains of lead per 
gallon dissolved in 



24 I 48 
hours . hours . 



0.91 
0.14 
1.05 
0.05 



0.14 
1.05 
0.07 



72 
hours. 



2.24 
0.08 

0.021 
0.035 

0.028 
0.007 



Examination "Jhc table, although divested of much of its original intricacy, 
table, seems somewhat complicated, and requires a little study in 
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order that we may see the important practical truths which it 
reveals. In experiment No. 1 a nitrate alone was used and its 
corrosiveness noted. The quantity of nitrate used, it must be 
remembered, is very large ; we seldom see any natural water 
with so large a proportion. The East London Water Com- 
pany's water, previously referred to, only contained one-half 
this quantity, or 0'7 grain per gallon. In experiment !No. 2 
the same quantity of nitrate was used and a sulphate added, the 
proportion being as 1 to 2|-. Mark the protecting power of the 
sulphate. After 24 hours the nitrate alone had removed 0-91 
grain, but when accompanied by the sulphate it only removed 
0'i4: grain. In experiment No. 4 the proportion of nitrate to 
sulphate was 1 to 6. In this case only 0*05 grain was removed 
after 24 hours and only 0-08 grain after 72 hours. In experi- 
ment No. 3, where the same quantity of nitrate was used as in 
No. 4, 2-24 grains were removed at the end of 72 hours. Ex- 
periment No. 5 shows that a carbonate exercises a more power- 
ful protective influence than the sulphate, for after 48 hours 
the nitrate had removed no lead, and only 0"021 grain after 72 
hours, practically nothing. In experiment No. 7, in which a 
nitrate, carbonate and sulphate were used, there was no action 
until after the third period, and then only 0*028 grain had been 
removed. In experiment No. 8 a chloride was substituted for 
a nitrate. 

The results of these experiments are very important, since j^^^ prtance 
they teach that even the dangerous nitrates may exist in water °' Muir-sex- 

<j D t/ periments. 

without any detriment to the pipe if there be also sufficient 
carbonates and sulphates. If the proportion of nitrate to car- 
bonate or sulphate is large, the latter salts offer but little pro- 
tection to the pipe, nor can we expect any favorable result if 
the chlorides be in excess. Sulphate of lead is somewhat soluble 
in water containing chlorides. A case is reported by Dr. Leadpoison- 
Thomason of the poisoning of a number of people at Tun-^rtdge. "° 
bridge, England. The water was conducted a quarter of a mile 
through a lead pipe. An analysis showed that it was very pure. 
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containing only one part of saline matter (tliree-f onrths chloride 

of sodium) in 38,000 parts of water. In this case the propor- 

ActJon of tion of the chloride was too great. The action of mixed salts 

mixed salts i/. ii i. • j. i. 

dependent would Seem, tliereiore, to depend upon their proportion to eacn 
mature pro- Other in the water holding them in solution. When the pro- 
portions. pQj.j.jQjj q£ ^}-jg corrosive salts is not too great they may be 
assumed not to interfere with the action of the protective salts. 
London The Water supplied to the city of London is a practical illus- 
' tration of the truth of these conclusions. It contains both 
nitrates and chlorides, and yet, on account of the abundance of 
carbonates and sulphates, the influence on the lead pipes through 
which it flows is unimportant. 
Action on When organic matter is present in the water, in connection 
ganic matter with Other substanccs, it is almost impossible to predict what 
tionwith '^vill be the action. It is safe to say, however, that unless the 
°*stiiras! quantity of organic matter is exceedingly small, the pipes which 
convey the water should be suspected until a long experience 
has proven that there is no danger. The general experience is 
unfavorable, the organic matter in many instances completely 
destroying the protective action of the other salts. The crusts 
of carbonate, sulphate and phosphate of lead, which owe their 
protective action entirely to their insolubility, are often easily 
dissolved by an excess of organic matter in the water. Com- 
pounds of ammonia with organic acids easily dissolve sulphate 
of lead. Phosphate of lead is readily dissolved by the feeblest 
acids. 
Mixtures of The most vigorous action occurs when several corrosive salts 
salts, are found together in water, or are found in connection with 
organic matter. The most usual combination is that of the 
chlorides and organic matter. Chloride of lead is soluble to a 
dangerous extent in water, as we have seen, but its solubility is 
much increased by the presence of vegetable acids, and of am- 
monia and other alkalies. 
Examples Sulpliate of iron (copperas) and nitrate of lime (lime saltpe- 
raitTin CO™ ter) react on each other in a manner dangerous to lead pipe, 
bination. Q^pygj-g^g jg composed of sulphuric acid and iron. Wheu. 
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exposed to air and water the iron becomes rusted, and this 
reaction sets free some of the sulphuric acid, which then acts 
on the nitrate of lime. The latter substance is composed of 
nitric acid and lime. The free sulphuric acid attacks the lime 
and expels the nitric acid, which, being set free, attacks the 
lead. 

Extraneous substances not . belonging to the water which influence of 
flows through the pipe sometimes act as corroding agents, and substances 
their action has often been confounded with the action of the 
water itself. I have already alluded to the efEect of a piece of 
mortar dropping into a cistern or tank, and also to the possi- 
bility of outside corrosion of a pipe. I shall now refer to only 
one other extraneous substance which may affect the integrity 
of lead conduits. Service pipes of this metal are generally trmon of 
attached to iron mains, and iron rust is sometimes carried from ironpjes. 
tlie main to the pipe. The question is. Does this substance 
affect the pipe ? Authorities are diametrically opposed in their 
answers to this question. In the first place, we have an experi- 
ment made by Prof. Horsf ord. Iron combines with the oxygen 
of the air in several proportions. Iron rust is an oxide of iron 
which contains one and a half times as much oxygen as the oxide 
of iron which usually enters into combination of acids to form 
sulphates, phosphates, &c. The latter oxide is called the pro- 
toxide. The theory of the action between lead and iron rust is 
that lead takes away a portion of the oxygen from the iron rust, 
reducing it to protoxide of iron, which combines with other 
materials in the water. When the lead withdraws the oxygen 
from the iron and appropriates it to itself, it becomes oxidized 
or rusted. This theory of the oxidation or corrosion of the prof. Hora 
lead Prof. Horsf ord disputes, and defends his position byperiments. 
experiment. He placed bars of lead in contact with iron 
rust, in open tubes containing Cochituate, Croton, Jamaica, 
Fairmount, Albany and Troy water, and at the end of two days 
tested the water for protoxide of iron. No reaction was ob- 
tained. Subsequent tests w^ere made at the end of seven, 
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twelve and twenty-three days, but no trace of protoxide of iron 
was found in the water. The iron rust had, therefore, not been 
reduced by the lead. He again placed iron rust and bright 
bars of lead in flasks of distilled and Cochituate water and sealed 
them. These flasks were kept for a long time and the bright- 
ness of the lead was not in the slightest degree dimmed. As a 
laboratory experiment this is of importance, but in the light of 
the actual experience of lead pipe in contact with iron, it seems 
insufficient. The following case, although not so systematic 
Examples of nor SO easily explained, is much more important. The water 

leadcorroslou , .,._„ , 

by Iron rust, of a ccrtam Spring in England had flowed into and from a 
leaden reservoir for 60 years without injury to the reservoir or 
contamination of the water. It was conveyed to and away from 
the reservoir in lead pipes. The water was afterward conveyed 
through iron pipes and immediately lead was found in solution. 
The water was then found also to be so destructive to the bot- 
toms of lead cisterns that some of them had to be renewed in 
five or six years. 
Sources o£ It wouM Seem that an extreme inference in either direction 
laboratoJ^ regarding the action of iron rust on lead would be inadvisable. 

txperiments. Qj^ ^jjg ^^^ hand, it must bc remembered that it is impossible 
in a laboratory experiment to reproduce all the conditions which 
exist in the lead pipe. For instance, the rust in the pipe is car- 
ried along with rapidity by the water flowing through the con- 
duit, and physical action may have something to do in facili- 
tating the corrosion of the lead by the iron. Again, the 
question of the influence of other substances in promoting 
chemical action must not be forgotten. In the experiment of 
Prof. Horsford, there were used simply iron rust, lead and 
water containing other substances in solution. Suppose, how- 
ever, that different waters had been used, holding in solution 
different substances, or that another quality of lead had been 
employed, other results might have been expected. It is advis- 
able to suspect iron rust until by long experience its harmless 
character in each particular case is established. Its action no 
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doubt varies with the constitution of the water and the circum- 
stances of physical contact which attend its presence in lead 
pipe. 
"We leave now the subject of the corrosion of the lead, as corroGionot 

-i< .(At •! load by inllii- 

afEected by the peculiar constitution of the water, to consider encesinde- 
certain influences which either act independently of the sub- theconsutn- 
stances that are dissolved in the water or, when an erosion of en*^ of water, 
the lead has already commenced, tend to increase and hasten 
the process. These influences have perplexed experimenters 
more than other branches of the subject. They bring about 
anomalous and unexpected results, often in direct antagonism 
to some pet theory which has been built up on the subject. To 
this may be attributed many of the contradictions in the results 
of the observations of various chemists. 

Prominent among these disturbing influences is galvanic ac- oaiTanio 
tion. !N"o elaborate apparatus is necessary to bring this agency ' 
into operation. The lead pipe with its metallic connections is 
often a battery in itself. All batteries depend for their action 
upon the contact of two metals immersed in a bath of some 
liquid. Usually, the two metals employed are zinc and platinum conditions 
or silver, and the bath in which they are immersed is dilute ^u^y*^" 
sulphuric acid. The acid attacks only one of the metals, zinc, 
and leaves the other intact. The metal attacked by the acid is 
called the positive metal, and the other the negative metal. 
Whenever two metals are brought together a galvanic action 
ensues. The intensity of the effect varies with the electrical 
character of the metals used. Certain metals, as tin and cop- 
per, have but a weak action, while others, as silver and zinc, 
produce a vigorous galvanic current. The truth of the latter 
statement can be ascertained by placing a silver coin on one 
side of the tongue, and a strip of zinc on the other, and bring- 
ing the exteroir edges together. A sharp, prickly sensation is 
felt. Here we have the two metals, while the fluid is sahva. 
Let it be remembered that the contact of two metals is the sim- 
ple principle which, elaborated and applied to convenient ap- 
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paratus, underlies the whole subject of galvanic electricity, and 
it will be easy to make the application to lead pipes, 
poaitive and "When a Current of electricity is thus excited by the contact 

negative ... 

metals, of two metal^ in saline solution, it has been found that only the 
positive metal is usually very much corroded, while the other, 
the negative metal, is unharmed. Lead pipes are often placed 
in contact With iron, copper or tin. In every such case we 
have a galvanic battery, the two metals in contact being the 
poles, and the water flowing through the pipes the saline solu- 
tion. As a consequence, a galvanic current is excited and cor- 
rosion takes place. The nature of the salts dissolved modifies 

christisonon this action. Dr. Christison says: "The presence of bars of 

fcton'in other metals crossing lead, or bits of them lying upon it, will 

lead pipes. ^^^gQ ^evclop the Same action." It is possible, also, that iron 

rust, and even the carbonate of lead compounds which encrust 

the pipe, may sometimes be thrown into electrical relations 

with the pipe. 

These statements do not present a new fact. The corrosion of 
lead by galvanic action, caused by imiting lead with other metals 
under water, was proven long ago by the experiments of Dr. 

corrosionof Paris, England. The importance of this fact may be illus- 

by galvanic tratcd by reference to what has probably occurred frequently in 
the case of iron ships, namely, the corrosion of the iron plates 
by galvanic action developed by the contact of copper and iron. 
The Engineer, a few years ago, in commenting on the wreck of 

TheMegara. the irouclad Megara, called attention to the startling fact that, 
should even a minute piece of copper remain in contact with 
the inside bottom plates of an iron ship, in a bath of bilge 
water, as under the circumstances of the case it necessarily must 
be, an active galvanic energy is established between the two 
metals, and the iron being the sacrificial metal (*'. e. the positive 
metal), " the bottom will sooner or later be eaten through with 
a hole somewhat larger than the superimposed copper." 
Electrical The relation of the metals to each other in producing cur- 
cf*metX. rents of electricity varies somewhat with the constitution of the 
water. The order is as follows : 
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In Acid Waters. 
Zinc, 
Tin, 
Lead, 
Copper, 
Iron, 



In Alkaline Waters. 

Zinc, 

Tin, 

Iron, 

Lead, 

Copper. 

In the above columns each metal is positive to all below it ; 
that is, if any two of the metals are in contact with each other 
in a solution, the one that stands above the other (in the table) 
will be consumed. For example, were iron and lead brought 
in contact in an alkaline solution, the former would be rusted 
at the point where the latter touched it. 

Copper and brass often come in contact with lead where copper aa<i 
copper couplings, boilers or faucets are used, or, in some cases, t^^tu""' 
where copper screws, bars or pipes touch the lead. That gal- "**"■ 
vanic action often occurs under such circumstances is unques- 
tionable, and as to which of the two metals is corroded there is 
but little doubt. By consulting the tables above, we find that 
lead, being above copper, is the positive metal, and must, there- 
fore, be corroded. Some interesting experiments were made casamajor's; 
by Mr. F. Casamajor, throwing a very clear light on this point. ^''^ *"'*■ 
He took four glass flasks, into each of which he poured about one- 
fifth of a pint of aqueduct water drawn fresh from the hydrant. 
In two of these flasks he placed pieces of sheet lead, perfectly 
clean, the surface of lead in each flask being three square 
inches. In the other two flasks he placed little bundles of sheet 
lead and copper wire rolled up together in perfect contact. The 
lead and copper had each a surface of three square inches, and 
each was perfectly clean and bright. One flask with lead alone, 
and one with lead and copper, were left in a dark place for 
forty hours at a temperature of 75° F. The other two flasks, 
one with lead alone, and one with lead and copper, were left in 
a dark place for 40 hours at a temperature of 160° F. The 
object of placing the flasks in the dark was to approach the 
actual condition of things in lead pipe. At the expiration of 
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40 hours both flasks containing only lead and water were exam- 
ined. The lead was perfectly bright and the water limpid. 
On testing the water no lead was discovered. The two flasks 
containing the lead and copper presented a very different ap- 
pearance. The surface of the lead was coated with a white 
oxycarbonate, which, on shaking the flask, spread through the 
water, making it turbid. The water was tested for copper and 
showed the faintest trace. Another portion of water from the 
same flask gave the usual reactions for lead. 
Example of So mucli for the laboratory. A practical illustration will 
sion by ^1- confirm the truth of the inference to be drawn from the above 

''*°''' *"*'°''' experiment. A gentleman residing near Baltimore, having 
occasion to have a pump repaired, on examining the leak found 
that the lead pipe, which was connected to the pump by a brass 
coupling, was almost destroyed in the vicinity of the brass. 
The corrosion extended for an inch from the coupling, and the 
pipe was held together by a few shreds of lead. The pipe, 
which was used to carry water from a well, was entirely unin- 

Dr. Buckler's jurcd iu cvcry other portion. Dr. K. Buckler, who reports this 
■ fact, made an experiment upon the water of this well to satisfy 
himself of the cause of such a remarkable corrosion. He placed 
about four ounces of the water in two beaker glasses, and in one 
immersed a bright strip of lead ; in the other he immersed a 
strip of lead and brass connected. The beakers were covered 
with paper, so as not to exclude the air entirely, and allowed 
to remain undisturbed for a week. He then tested water 
from both glasses. In the case of the water containing only 
lead he obtained a slight precipitate, and in the other a copious 
precipitate. The fact that where copper or brass and lead arc 
in contact under water a galvanic action is liable to occur, pro- 
moting corrosion, is, therefore, pretty clearly established, 
cjontactof Tin is very frequently used in contact with lead. Solder is 
ea . ^^ alloy of lead and tin, and it is well known that corrosion is 

Joints mtm- generally the greatest in the vicinity of the solder. The cause 
pipes, is galvanic action, which is likely to occur when the two metals 
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composing lead-encased tin pipe are both subjected to the action 
of water ; hence the importance of making such joints as will 
insure a continuous tin lining where this pipe is used, and the 
danger attending the practice of merely bringing the ends 
together and wiping the joint with solder. 

A great variety of physical influences operate either to cause Action of 
or accelerate the corrosion of lead by water. These influences inauenoea 
often act in direct antagonism to the agencies which protect the 
pipe, and in the case of anomalous action of a certain water, the 
explanation is often to be looked for in this direction. They 
come under the head of local causes. 

A defect in the pipe will sometimes promote corrosion. Dr. Defects in 
Dana remarks that he has seen lead pipe which conveyed spring 
water very much eroded and slightly perforated by the enlarge- 
ment of an 'original defect in a part of the pipe. The water 
was very pure, and yet, " notwithstanding a deposited coat of 
oxide and carbonate of lead, the erosion continued and lead 
was dissolved even at the end of eight years." 

Strains on the pipes will produce unfavorable results. Water strains on 
h often delivered under great pressure, and seams are by this ^ ^^^' 
means made in the pipes, and a disarrangement of the particles 
ensues. Where the circumstances are favorable, the corrosion 
is promoted by a combination of mechanical and chemical forces. 
The freezing of water, when it does not burst the pipe, has the 
ejBfect of straining it, thus producing a change in the molecu- 
lar arrangement of the material of the pipe and facilitating cor- 
rosion. A strain on the lead produced by bending it sharply. Effects ot 
will sometimes facilitate corrosion, and for the same reasons as ' ^"^ 
in the instances just named. Prof. Nichols records a case in 
which this cause is clearly indicated. He says that he had in 
his possession a section of supply pipe " removed from the 
aqueduct of a neighboring city {i. e., near Boston), in a portion 
of which corrosive action had proceeded so far as to cause leak- 
age. The part thus acted upon was confined to an acute angle, 
and there is evidence that the plumber, in placing it in its posi- 
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tion, bent it in the wrong direction, thus creating the necessity 

for another turn. Tliis pipe had, doubtless, been subjected to 

two violent turns, which seriously impaired the homogeneity of 

Prof, nichoib' the metal." Prof. Nichols suggests that the disturbance of the 

theory. °° 

crystalline structure of the metal by strains may change its 
electrical condition, and that thus galvanic action may be pro- 
moted, giving rise to chemical decomposition. 

A few simple facts should be here noted, and, indeed, the 
omission to give them proper weight may be regarded as 
one of the causes of the numerous complexities and contradic- 
tions with which chemists have surrounded the subject of the 

Activity of action of water on lead. First, there is a great deal of differ- 

m^n^and ^uce in the activity of corrosion in new and old pipes. No 
old pipes, jnatter what the tendency of a water to form an insoluble pro- 
tective coating on leaden surfaces, there is usually some corro- 
sive action at first. Croton water is commonly regarded as 
exerting no dangerous corrosive action on lead, but when Croton 
pipes are taken up at the end of several months they will be 
found to be corroded, and in some places the lead is pitted. 
Dr. Dana remarks that he has examined small sections of pipes 
which had been used in conveying water from the James Kiver, 
Va., for twelve years. There was a " fine, reddish colored and 
quite smooth and compact coat deposited on the inner surface 
of the pipe, which was easily detached, showing evident and 
unmistakable marks of corrosion by small pits and thread-like 
channels." These were evidently made when the pipes were 
new and before the crust formed. 

Duration of It is interesting to enquire how long a time must elapse be- 
aoMonin fore a lead pipe becomes sufiiciently incrusted to admit of its 

new pipes, jjgjjjg ygg(j ^j^.]^ gafety. Prof. Nichols immersed a section of a 
new lead pipe in Cochituate water for one hour at the tempera- 
ture of 65° F. The water then gave decided evidence of lead 
being present. The piece was removed and placed in six fresh 
portions of water, one hour in each. Each sample of water 
gave the reaction of lead. The experiment was continued for 
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two weeks, varying tlie time of immersion in fresh portions of 
water from one hour to ten. The lead indications still con- 
tinued, although at last they were feeble. 

The amount of lead which water exercising a corrosive action Amount of 
is found to contain, is usually dependent upon the length of wate^wm 
time it has stood in the pipe. It is also afEected by tempera- "™*°^ 
ture and season. "Waters from given sources do not show the 
same constitution from one season to another. An excess of 
rain may temporarily change the character of the water and its 
action on lead ; while an elevation of its temperature may make 
a water previously harmless extremely dangerous as regards its 
action on lead. 

From the facts already presented in this chapter, the reader concinsions 
win, in all probability, be led to the conclusion that lead pipe [g^^i^f 
can never be used without giving rise to the danger of lead 
poisoning. I think it safe to venture the opinion that the dan- 
ger exists in some degree under all but the most exceptional 
circumstances. Admitting that severe cases of lead poisoning Lead poison 
rarely occur from the use of water drawn through lead pipes, ^^^'"'■'^'■ 
they do occur, and under a great variety of circumstances ; and 
I have no doubt that nine-tenths of the mischief done by lead 
in its effect on the human system escapes the notice of physi- 
cians. It is undoubtedly true, however, that certain waters can 
pass through lead pipes without practical contamination, even 
though they take up enough of the metal to give a lead reaction 
when subject to the delicate tests of the laboratory. I have 
already spoken of the manner in which water first acts upon 
lead and the effects of long-continued contact between them ; 
but it is desirable to recur to this, for the reason that it seems 
to be the central fact of the whole subject and should be thor- 
oughly understood. The first result of the contact between summary of 
water and lead is the formation on the surface of the metal of sp^^%"e 
a whitish crust or scum of oxide of lead, formed by the combi-f?!"""*"* 

. ' «/ table water 

nation of the oxygen of the air dissolved in the water with the O'Neal- 

lead of the pipe. The next result is the solution of this oxide 
13 
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of lead by the water and its removal, if nothing prevents. If 
this were all, the destruction of lead pipes and the poisoning of 
those who use them would only be a matter of time, for as fast 
as the soluble oxide was dissolved away a new coating would 
be formed. But as soon as the scum of oxide of lead is formed 
on the surface of the lead, the former is attacked by the carbonic 
acid (which is always present in the air and is almost always in 
solution in the water) and the lead is converted into carbonate 
of lead, one of the principal ingredients of the painter's white 
lead. This carbonate of lead is practically insoluble, and ad- 
heres to the surface of the lead as a hard crust which soon 
thickens until it prevents the action of the water altogether. 
Expedients Fortunately for those who are compelled to use water sup- 

'^^"le'^a plie<i through lead pipes, chemistry is not without resources for 

''°''°"^*' guarding against lead poisoning. The first and simplest of 

these is filtration. Filters made of chalk have been strongly 

Robierre'B recommendcd, and the experiments of M. Eobierre are sufii- 

"^hXiOt ciently minute to warrant us in accepting with confidence his 
conclusions concerning the efficacy of this material. He states 
very positively that his researches have led him to the conclu- 
sion that the greater portion of poisonous lead compounds in 
water, obtained by the contact of the common water with lead 
pipes, is in suspension, and that frequently the filtration of this 
water through chalk deprives it of its poisonous properties. 

Wood char- Wood charcoal, coarsely pulverized, has also been recom- 

coal filters. , , rr,, . .,., , ^ 

mended. This will remove as much as 7 grains of lead to the 
gallon. 
Protection of It is better, of course, to prevent the water from acting on 
"'"'coraosion. the pipes at all, and to secure this desirable immunity from 
Filtration of corrosive action various plans have been suggested. Among 
passing these n::ay be mentioned the filtration of water before it enters 
lead pipes, the pipcs. Sand, clay and, better still, animal charcoal answer 
admirably well as filters, for they not oidy remove the mechani- 
cally suspended particles, but a portion of the organic matter 
Beneficial dissolvcd in the water. The latter result is probably effected 

results of x ./ 

filtration, by the oxidation of the organic substances into harmless com- 
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pounds while passing through the filters. Soluble organic mat- 
ter may be almost entirely removed by filtering the water 
through black or magnetic oxide of iron. This occurs through- 
out the United States as an ore, and when coarsely ground is 
an admirable filtering material for organic matter. One of the Magnetic 
most remarkable characteristics of this oxide of iron as a filter- 
ing material is that it does not perceptibly lose its power by 
time and use. In the water works of Southport, England, a 
filter bed was in use for seven years without showing any dimi- 
nution of power, and in domestic filters used for the same 
length of time there seems to have been no occasion for cleans- 
ing them. 

When filters cannot be depended upon, the best method of insoiuwe 
preventing the contamination of water with lead salts is to line pipes, 
the pipes with an insoluble coating. There are various plans 
for accomplishing this result. One of the oldest, as well as the Dr. curisti- 
simplest, is that recommended by Dr. Christison. He says that 
" a remedy may be found in unusually pure spring water by 
leaving the pipes full of the water for a few months without 
drawing off." The water acts on the lead, forming the insolu- 
ble coating of carbonate of lead to which I have already 
referred so frequently. During the long period in which the 
water is standing in the pipes the coating becomes hard and 
thick enough to resist the further corrosion of the water. 
"Wliere this method will not answer, some material should be 
put in the water in the pipes which will form an insoluble 
coating on the lead. Dr. Christison recommends phosphate of phosphate 
soda. In one of his experiments he put in some lead pipes ° 
some phosphate of soda, in weight about 1"25000 the weight of 
the water. This would require the use in a pipe 100 feet long 
and three-fourths inch inside diameter of only 6 grains of phos- 
phate of soda. Fourteen days afterward the solution was dis- 
charged and spring water readmitted, and a great improvement 
had taken place. The solution was replaced and another trial 
was made six weeks afterward, and the lead could scarcely be 
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discovered in the water. There was no further trouble with 
regard to lead in the water, although for more than a year pre- 
vious the water had continued to act vigorously on the lead. 

le^'j^aettod. ^^other plan was suggested by Messrs. Eolfe & Gillet, of 
Boston, which is very effective and works more rapidly than 
the preceding. They dissolve one pound of sulphide of potas- 
sium in two gallons of water, and allow a solution of this 
strength to remain in the pipes for twelve hours. The interior 
of the pipes becomes covered with a black impervious coating 
of sulphide of lead, which prevents the further action of the 

Dr. sehwaz'3 watcr. Dr. Schwaz, of Breslau, advises the use of a warm and 

method. 

concentrated solution of sulphide of potassium. This will do 
the work more rapidly, sometimes in fifteen minutes. The 
more concentrated the solution, however, the more expensive 
is the operation. Crude sulphide of potassium and sulphide of 
sodium are sometimes used. 
Mr.Perry'3 Another plan was suggested, about five years ago, by Mr. 
' Eobert P. Perry, of Newport, K. I. He employs a solution of 
chromate of potassa, whicli is poured into the pipes to be pro- 
tected. It forms an insoluble coating of chromate of lead, 
which, the inventor claims, protects the pipe and does iiot inter- 
fere with soldering. 
Detection of There are several methods of determining by analysis whether 
Vanalyste^ lead is present in water or not, all of which are within the 
ability of the plumber of good general intelligence and judg- 
ment who will provide himself with the necessary chemicals 
and apparatus. Chemical knowledge is not requisite, but neat- 
ness, careful manipulation and accuracy in noting results 
DeUoacT reached are indispensable. It should be remembered, how- 
' ever, that the reactions by which the presence of lead is deter- 
mined are very delicate, and any carelessness may cause one to 
blunder and arrive at false conclusions. It should also be 
remembered that although the positive results of chemical 
Kesatirere- analysis are conclusive when they show the presence of lead in 
c:usiTO. water, negative results do not always prove that no lead is pres- 
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ent. For this reason I should advise the employment of a Limitation 

I'll 1 j!i 1 1 11 ••.of amateur 

cnemist to make caretui analyses whenever lead poisoning is analyses, 
feared or suspected. The intelligent plumber or any one else 
may tell, however, whether water has taken up lead during its 
passage through pipes or when held in tanks lined with that 
metal, and also — approximately, at least — whether a given 
water is likely to act on lead, and the information thus gained 
may often be of great value. In the succeeding chapter some 
simple rules are given for determining the constitution of 
water. "We will here direct our attention merely to tests for 
metallic salts taken up by water in its passage through metallic 
pipes and reservoirs. 

The first step in the analysis of water is to concentrate it. concentra- 
Draw from the pipes about five gallons of water. The best for analysis, 
time to do this is after the water has been standing in the pipes 
for two or three hours, as there is likely to be more lead in the 
water than when the water is constantly running. This quan- 
tity of water should be boiled until it is evaporated down to a 
gill or less. In boiling and in all the other operations the 
experimenter must be careful to use no vessel containing lead. 
The first portion of the operation may be performed in a large Method of 
vessel and over a stove. Care should be taken to cover the "°''™° ™ 
vessel so that no impurities get into the liquid from the air. 
When the water is reduced in bulk to less than a quart, it 
should be transferred to a quart glass beaker. Such a vessel 
can be purchased at any glassware establishment. The beaker, 
being a little over half full of water, is placed upon a sand bath 
while the latter is cold, and a pinch of acetate of ammonia is 
put into the water. An alcohol lamp or gas flame is then 
placed under the sand bath. The latter is simply a sheet-iron 
saucer full of sand. The sand distributes the heat along the 
bottom of the beaker. The object of this concentration is to 
strengthen the solution. Whenever lead is found in water it 
is usually in such small quantities that the reactions are very 
faint, but by boiling the water dovni we obtain in a giU of 
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water all the lead dissolved in iive gallons, and thus have a 
solution in which we are able to discover lead if any is pres- 
ent, 
rutration. If, after th's concentration, the liquid appears turbid, it is 
best to filter it. Cut filter papers can be bought in packages 
from dealers in chemical supplies. They consist of circular 
pieces of a material resembling blotting paper. These are 
folded and placed in the funnel, which must be of glass ; the 
liquid is poured into the paper cone held in the funnel, and 
trickles from it clear and limpid. No more water should be 
poured into the funnel than the cone of filtering paper will 
hold, and it must, therefore, be supplied in small quantities 
imtil the whole of the water is filtered. 

We are now ready to test for lead. This may bo performed 
by any of the following methods : 
Sulphuretted Sulphuretted hydrogen. — This test is so delicate that one j^art 
' of lead can be detected in 500,000 parts of water. If sulphu- 
retted hydrogen be added to water containing one-tenth grain per 
gallon, a brownish color is produced. If the water has been con- 
centrated by evaporation to 1-100 of its original bulk before add- 
ing this reagent, the thousandth part of a grain in a gallon can, 
with a little practice, be detected. During the evaporation acetic 
acid must be added to dissolve the oxycarbonate formed. A 
small quantity of a solution of citrate of ammonia or of acetate 
of ammonia is added to dissolve any sulphate of lead that may 
have been formed. It is very difficult to obtain acetate of am- 
monia in a solid state, as it requires to be crystallized under the 
receiver of an air pump, so deliquescent are the crystals. 

Sulphuretted hydrogen gas is obtained by the action of dilute 
acids upon sulphide of iron, sulphide of antimony, or sulphide 
of potassium {hepar sulphuris). It can also be obtained in an 
impure state by heating together paraffine and sulphur. The 
gas should be washed by passing through water, and may then 
be passed directly into the liquid to be tested, or dissolved in 
water and bottled for subsequent use. 
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Sulphide of potassium, or liver of sulphur, can be employed as suiphiae o( 
a reagent for detecting lead. Its solution produces a dark color test'^ "™ 
in water containing two-thirds grain to the gallon, provided 
very little of the reagent is added ; if more is added, sulphur 
is precipitated and conceals the lead reaction. 

Sulphide of aTnmonium (yellow) produces a change of color, suiphiae ot 
perceptible by comparison when only one-third grain of lead is teat, 
present in a gallon of water. Both this reagent and the one 
last mentioned also produce black precipitates in water contain- 
ing iron, but not in water where tin alone is present. Sulphu- 
retted hydrogen, on the contrary, gives a black precipitate with 
tin, but not with iron. All three of these reagents possess a vile 
odor and do not keep well. As soon as the odor becomes faint 
they are useless. 

Bichromate ofjpotassa. — This salt possesses several advantages Bichromato 
over those previously mentioned. It has no odor, can be kept teat, 
for years either in solution or in crystals, is easily obtained in 
any dmg store under the name of potassise bichromas. The 
saturated solution has a deep red color, but when added to a 
strong solution of lead a beautiful precipitate of chrome yellow 
is formed. This precipitate, when treated with nitric acid, 
turns to a bright red, " chrome red." The addition of bichro- 
mate of potassa to water containing one-tenth grain to the gallon 
produces a change of color easily detected by comparison. In 
this, as in the former cases, the test should be made as follows : 
Two test tubes of equal caliber are taken in the left hand ; a few 
drams of pure water are placed in one and an equal volume 
of the water to be tested in the other. A few drops of the 
I'eagent are added to both, and the tubes held in various posi- 
tions against white and dark backgrounds, against the light 
and in the shade, viewed vertically and horizontally, until we 
are convinced that no change has taken place ; then a little 
more of the reagent is added, and so on. These precautions are 
especially necessary where colored reagents are employed. My 
own experiments convince me that bichromate of potassa is 
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quite as delicate a test for lead as sulphuretted hydrogen when 
these precautions are observed. 

Sulphuric Sulphuric acid and solutions of the sulphates produce a white 
■ precipitate with lead, and, according to Lassaigne, one part of 
lead in 25,000 of water can be detected in 15 minutes by the 
use of sulphate of soda. As lime also gives a white precipitate 
with sulphuric acid, this test is not applicable to water in 
general. 

Iodide of Iodide of potassium produces a yellow precipitate in lead 
test, solutions if not too dilute. 

Action of When water containing lead is exposed to the air, the car- 

carboulc 

acid on lead bonic acid of the atmosphere converts the lead into the hydrated 
' oxycarbonate, which is the most insoluble of all the lead salts — 
so much so that only one part will dissolve in four million parts 
of water, or one-sixtieth grain per gallon, and hence water 
which has been exposed to the air a few hours will not contain 
over ^QO^o„j) of lead in solution. If, however, the water con- 
tains free carbonic acid, this salt will be dissolved by it, but is 
Advantages precipitated by boiling. From this it will be seen that persons 
wLerf^ compelled to use water containing lead may reduce the danger 
tainingiead ^^ ^ minimum by boiling, allowing to stand exposed, and then 
filtering, or even decanting. 
Leadpoi- In concluding these somewhat extended remarks on lead cor- 
soning. j.^g.^jj^ ^ £g^ words ou the subject of lead poisoning may not be 
without interest for the general reader, and especially for the 
Lead pipes plumber. I am not disposed to underestimate the danger of con^ 
ca^eof 1^ veying water through lead pipes ; but it is only candid to admit 
poisoning. ^^^^ j^^^ p.p^g j^^^g probably had to bear the blame of many 

cases of lead poisoning with which they have had nothing to do. 
In a locality in which lead is used as a material for conveying 
water, whenever a case of this disease arises suspicion is gen- 
erally directed against the water pipes. There are, however, 
many methods by which lead can be and is unconsciously intro- 
snufl. duced into the system other than in drinking water. Dr. Has- 
sall explained some time ago, in the London Lancet, that par- 
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alysis has been repeatedly produced by the lead contained in 

snnff. "In some cases," he says, "death has ensued, and in Pastry and 

• Ml 1 111- 1 • <• 1* 1 confectionery 

others serious illness has resulted Irom the preparations oi lead, 
particularly in the chromate and carbonate of lead used in 
sugar confectionery, Bath buns, egg and custard powders. 
The same result has followed the use of wine to which acetate wine, 
of lead has been added for the purpose of clarifying and sweet- 
ening it. Entire districts have been poisoned by lead in cider, cwer. 
Again, at one time — and it is probably still done in some cases 
— ^lead was commonly added to the rum in the West Indies." Jamaica rum. 
These are cases, and others might be added, in which the true 
cause of the disease has been traced, and it is no doubt true that 
causes such as these may be at work in some of the cases sup- 
posed to be due to the use of lead pipe. Tanquerel, a cele- Tanquerers 
brated French authority, says that generally the persons who 
suffer from this disease are those who have to handle the metal 
or some of its compounds in their business. Of 1213 persons 
afflicted with lead colic observed personally by this writer, 1050 
at least were engaged in operations involving the use of lead or 
its compounds. This leaves only a small remainder outside of 
these trades affected with the disease at all. Of this remainder 
a large number are engaged in occupations which sometimes 
require the use of a compound of lead. The potters, for in- 
stance, use oxide of lead in the glaze which they put on their 
ware. Now, when it is considered how few are the cases of 
lead poisoning among those who never use lead in their daily 
occupations, and also how various are the means by which lead 
may be introduced into the system, there is left but a small 
number of cases in which the disease is produced by water 
drawn from lead pipes. 

Tanquerel gives the following table of the occupations of men occupation 
afflicted with lead poisoning who had come under his notice : "t Lld^oi- 

White and red lead and orange mineral manu- °°"*''^- 

facturers 481 

Painters 390 
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Color grinders 68 

Plumbers 14 

Platers (in tin and lead) 8 

Manufacturers of tin putty 4 

Type founders 52 

Printers 12 

Shot manufacturers 11 

Manufacturers of acet^,te, nitrate and carbonate 

of lead 10 

1,050 
Others 163 

Total 1,213 

Lead an Lead is an "accumulative" poison. When taken into the 

accumulative , _ 

poison, system m small quantities it does not exhibit its effect at once, 
but as more is taken from time to time, the poison accumulates 
in the system until enough has been taken to render it opera- 
tive, and then the person affected suddenly manifests danger- 
ous symptoms. In following out this theory of the accumu- 
lative character of lead, it is evident that, no matter how small 
the dose of lead taken, the occurrence of evil results should be 
only a matter of time, that is, when the small doses of poison 
Differences have accumulated to a sufficient amount. On this point a dif- 

of opinion J. . . , . , . . ... 

among lerencB 01 opinion has arisen among physicians, some mamtam- 
p ys c ans. ^^^ ^-^^^ ^j^^ accumulative principle does not hold here, and 
that, when the lead is conveyed into the system in small doses, 
it is conveyed out again as fast as it comes in. Others hold 
that while these small doses are not in themselves able to exert 
an active poisonous influence, they are the cause of many dis- 
eases not usually ascribed to this source. Dr. Muir, previously 
quoted, states the question thus : " Does this amount of lead 
thus deposited in the system in any way influence the general 
health of our bodies? May the healthiness in some places be 
influenced materially by the amount of lead dissolved by the 
rr. Dana'3 Water in constant use ?" Dr. Dana thinks " there is reason to 
"" °'^ believe that a vast number of cases of rheumatic and spasmodic 
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and nervous diseases, a general breaking up, as it were, of the 
foundations of the. great deep of life, have occurred, whicli can 
be attributed only to the small daily doses of lead." This is 
hypothetical. The question is a very important one, but as yet 
our information is not sufficiently comprehensive or accurate 
to enable us to answer it. 

But while there is not a perfect agreement among physicians Amount of 
as to the amoui^ of lead necessary to produce poisonous effects, tTeJen^ 
it is generally admitted that but little of' the metal is required ^au^^ 
to develop, in time, very serious results. Dr. Parkes, an En- 
glish authority. Professor Graham and others, think that water 
which contains one-twentieth of a grain per gallon must be re- 
garded as unsafe. When it is considered that a gallon contains 
70,000 grains, it is seen that such a dose amounts to only one 
part of lead in nearly a milhon and a half (1,400,000) parts of 
water. The poisonous character of so small a dose is due to the 
accumulative nature of the poison. Small as this quantity is, 
there are those who would fix the limit of safety at even a lower 
standard. Dr. Adams, of Waltham, Mass., reports a case of poi- 
soning in which only one-hundredth of a grain per gallon was 
found in the water, and states that such cases are not rare. This 
would amount to only one part of lead for every seven million 
parts of water. This statement was made by Dr. Adams in 
the report of the committee appointed by the American Med- 
ical Association to investigate the action of water on lead pipes 
and the diseases proceeding therefrom. It is safe to infer from 
these opmions that whenever hydro-sulphuric acid detects lead 
in water, the use of such water is likely to prove disastrous to 
some constitutions. 

It should always be considered in any discussion as to the Differences 
poisonous dose of lead, that there is a great variation in the sus- BusotSlbimy 
ceptibility of various persons to the effects of lead. A case is son^g.''"'" 
recorded in which two members of a family were made seri- 
ously ill from the use of water containing only, at times, a mere 
trace of lead — " a quantity," says our authority, " so infini- 
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tesimally small as not to have the least effect on the health of 
the others." It is probable, also, that when once the disease 
has been contracted by a person he is more susceptible to it 
than before. 
Symptoms The indications of lead disease are usually pain, constipation, 

anOcharao- ^^ . ^ . . ■/ sr ^ J. J 

teristios of a jellowish complexion, not affecting the eyes or coloring the 

soning. urine as in ordinary jaundice, and the blue or slatish colored 

line on the gums. This line is usually located on that portion 

of the gum that overlaps a tooth. It sometimes happens that 

this blue line is seen only on a portion of the gum. 

The curative treatment of lead diseases has been a subject of 
much study among medical men. It' is too complex a topic to 
admit of any consideration here. For information on this 
point the curious reader is referred to the various standard 
medical works in which the subject is treated. 

We now come to the consideration of the manner in which 
water acts upon the other metals employed more or less exten- 
sively in plumbing work. I feel that no apology is needed for 
having devoted so much space to the subject of lead, as it is the 
metal most used in pipes for the conveyance of water. Iron, 
zinc, tin and copper will be considered more briefly. 
Iron as a Were it not for the inconvenience sometimes attending the 
water pipes! discoloration of water, iron would possess many advantages over 
any other metal as a material for water pipes. The purifica- 
tion of water by contact with iron, is a fact well known in 
chemistry. Prof. Medlock proved by analyses, several years 
ago, that iron by its action on nitrogenous organic matter pro- 
duces nitrous acid, which Muspratt has called " nature's scaven- 

Muspratt's ger." The last-mentioned chemist found, as a general result, 
esperiments that by allowing water to remain in contact with a large surface 
of iron for about 48 hours, every trace of organic matter was 
either destroyed or rendered insoluble, in which state it could 
be removed effectually by filtration. Medlock found, on exam- 
ining the water at Amsterdam, which smelled and tasted badly, 
that the sediment charred on ignition and was almost consumed, 
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showing that it consisted of organic matter. He also found that 
instead of taking iron from the service pipes, the water, before 
entering those and an iron reservoir, contains nearly half a grain 
of iron to the gallon ; while in the water issuing from the pipes 
there was only an unweighable trace. Before entering the reser- 
voir, the water holding iron in solution formed no deposits ; 
while the water coming from the pipes, and freed from iron, 
gave organic sediment above mentioned. He then made analy- 
ses of water brought in contact with iron, and water not in con- 
tact, with the result that the water which had not touched iron 
contained 2-10 grains of organic matter, and 0-96 grain iron ; 
the other gave only a slight trace of both, showing plainly that 
the organic matter in the water was either decomposed or 
thrown down in contact with iron ; and this water when fil- 
tered was found to be clear, of good taste, with no smell and 
free from organic matter. It is not stated in what shape the 
iron was held in solution, but it was probably in that of carbon- 
ate, the usual iron salt of springs, since carbonic acid is so com- 
mon in water in general. These facts may be made useful 
under certain circumstances in effecting the purification of 
water rendered offensive or unwholesome by the presence of 
organic matter. 

Pure water has no action on iron whatever, provided it is chemicai 
free from air or other dissolved gases, especially carbonic acid ter'onta)^'^ 
gas. On the other hand, dry oxygen and dry carbonic acid are 
unable to attack iron, but in solution they produce the well- 
known form of oxidation called rusting. That it is the oxygen 
of, the air, and not that of the water, which combines with the 
iron, can be easily proved by a simple experiment. Take a 
piece of clear ice, melt it and heat to boiling ; after boiling a 
short time, pour it into a small vial containing some pieces of 
bright iron wire. The vial must be quite full and tightly 
corked. Place a similar piece of wire in an open vessel and 
partially cover it with water. Set both vessels aside for a few 
days, when it will be found that the wire in the former is still 
bright, while that in the latter is rusted. 
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irondis- Carboiiic acid gas in solution not only attacks metallic iron, 

solved by car- titt.«. , « -r*. 

bonioacid. Dut also dissolves it, lormmg a protocar Donate of iron. If a 
small quantity of finely divided iron be introduced into a syphon 
used for transporting mineral water, and the apparatus filled 
with carbonic acid water under pressure, the iron will soon dis- 
appear, being entirely dissolved. This method has been pro- 
posed for administering iron medicinally. 
Carbonic acid As most kiuds of potablc water contain either air or carbonic 

In water. _ _ .... 

acid in solution, it is evident why iron pipes are attacked by 
running water. In limestone districts the water seldom contains 
free carbonic acid, but in every case, unless very impure or 
just taken from a lively spring, air is present. It has, in fact, 
been laid down as a rule that no water is fit to drink unless a 
fish will live in it ; and fish cannot live in water that does not 
contain dissolved oxygen. There are, however, springs in 
which fish cannot live, but still the water is not unfit to drink, 
its only fault being a lack of oxygen, which it soon acquires on 
standing. 

Influence The presence of salts in solution are not without influence 
'' when air has access to it ; of these, common salt, or chloride of 
sodium, hastens the rusting, and carbonated alkalies retard it. 

Protective When a crust of the hydrated oxide of iron has formed on 

"^ITimn the surface of the iron, it seems to protect the iron by prevent- 
ing the oxygen from obtaining access to it. This explains the 
fact that water from new- iron pipes contains more iron at first 
than it does after being in use awhile. Some persons take the 
trouble to pour thin milk of lime through the pipes and then 
expose them to the air until it is converted into a dry crust 
of carbonate of lime, which is a very good protection from rust. 
Unfortunately, in this as in many other methods of protecting 
pipes, the sudden jars occasioned by quickly shutting off the 
water with a full head on, break off this crust. 

Protection TJig protection afforded by a film of oxide is well shown by 

or oxide, an experiment described in the Berg- und Huettenmaennisohe 

Zeitung (1873, p. 19). Several pieces of bright wire, some of 
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•wliich were protected by a bit of zinc fused on, the others un- 
protected, were placed in a jar of moist carbonic acid and air ; 
beside them was placed a third lot of pieces of wire which had 
been heated throughout to a blue shade. The unprotected bright 
wires rusted in less than 24 hours ; those with zinc attached re- 
mained free from rust from 3 to 5 days ; the blued wires were 
unattacked for 3 weeks, showing that a blue film of oxide is 
more effective than contact with an electro-positive metal. 

The usual tests for iron is ferrocyanide of potassium, known Tests tor iron 
as yellow prussiate of potash, which produces a deep blue color *"^"'®'"' 
in dilute solution. Cornelly has even proposed to determine 
the quantity of iron present by the comparison of the blue 
colors produced by adding to a solution of ferrocyanide of 
potassium, in one case a solution of iron of known strength, and 
in the other the water in which the iron is to be determined. 
A more delicate test is the sulphocyanide of potassium, which 
is said to produce a red color when one part oxide of iron in 
64,000 parts of water is present, DoUf us states that salicylic 
acid produces a violet color with one part of sesquioxide of 
iron in 572,000 parts of water. 

Zinc is a metal which should never be allowed to come in zinc not 
contact with water which is to be used for drinking or cooking, ^tauor 
I make this statement with a knowledge of the wide diversity or'S^f """ 
of opinion which exists among chemists and physicians on this 
point. Its physical properties as a metal are, I think, very ac- pnyaicai 
curately described by Prof. H. von Fehling in JlandMerTcefbuGh ^™^^'*' 
der JReinen und Angewandten Chemie (IX, p. 899), as follows : 
" In using zinc for technical purposes it must be remembered 
that it expands and contracts greatly by change of temperature, 
and that in cold weather it is especially brittle ; and, further, 
that in contact with other metals, as iron, copper, &c., it readily 
oxidizes ; that it also oxidizes easily in contact with water alone, 
with brandy, wine, milk and the like, and that the salts are 
poisonous. It remains unchanged only when in contact with 
pure olive oil. Sheet zinc must, therefore, have much play so 
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that it may expand or contract. It must be fastened only with 
zinc nails, or with iron nails thickly covered with zinc. On 
moist wood it oxidizes very easily. The metal must never be 
employed for vessels where it can come into contact with food, 
drinking water and the like." 
Chemical ac- I take exception to Prof, von Fehling's statement only so far 

tlon of water .i.i,.. t ii.m 

on zinc, as to Claim that zmc is not acted upon by chemically pure water 
free from air ; but the exception is of no practical importance, 
for the reason that plumbers never have to deal with jmre 
water, still less with water free from air or other dissolved 
gases. It is well known to every one that when a bright sur- 
face of zinc is exposed to the air it soon loses its luster from 
oxidation, the thin film of oxide then formed protecting it from 
further corrosion. This film adheres so firmly that it can 
scarcely be removed, and Pettenkofer found the film of oxide 
on a zinc roof that had been exposed to the weather for 27 years 
to be only 0"04: inch thick ; on a square foot of surface only 142 
grains of zinc had oxidized ; half of the oxide had been carried 
off and the other half remained. 
Influence of When zinc is placed in water containing air and carbonic 
^a chlorides acid, the zinc soon becomes covered with a white coat of basic 
onz nc. (jj^pjjQjjg^^g Qf zinc. If the water contains soluble chlorides, such 
as common salt, it attacks the zinc more violently. Zinrak 
analyzed a water containing a relatively small amount of chlor- 
ides, and found that after standing some time in a zinc reser- 
voir it contained 58*9 grains of zinc in a gallon. 
Water from A Frcuch chemist named Eoux examined the water kept in 
iron tanks, galvanized tanks on shipboard and found it turbid ; it contained 
oxide of zinc and suspended particles of carbonate of zinc. 
These, he remarks, are dissolved by the acids in the stomach 
and are exceedingly dangerous. The result of Koux's experi- 
ments was that the use of galvanized iron tanks in the Prench 
navy was forbidden by the war minister. 
prof.caflseu'a Prof. J. L. Casscls, of the Cleveland (Ohio) Medical College, 
vrttT^an- reported the following interesting experiment made in 1870 : 
izediron. « ^ pigge of new galvanized iron chain weighing 1211-95 grains 
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was placed in a glass beaker containing one pint of water taken 
from the hydrant near the college and loosely covered to ex- 
clude dust. In 24 hours the water was of a bluish- white color 
and tasted distinctly of the salts of zinc. In three days a 
whitish sediment was observed collecting on the zinc, which 
was easily detached by agitation. . After reniaining a week in 
the water a large deposit of carbonate of zinc was formed, and 
the water was strongly impregnated with chloride of zinc. 
Traces of lead were also detected in the water, derived, proba- 
bly, from the lead impurities in the zinc. The links of chain 
had decreased 1"04 grain in weight and were heavily coated 
with the carbonates of zinc and iron. 

A similar experiment was recently made with commercial Erperiment 
sheet zinc at Columbia College, New York. A strip of zinc couego!"'"'' 
weighing 2"22 grams was placed in a gill of Croton water. In 
a short time it became covered with a white film, a greater part 
of which fell away on the slightest agitation. The loss of 
weight in a week was 0"006 gram, or nearly 0"3 per cent. In 
distilled water it was still greater, or about 0-5 per cent. 

From the foregoing experiments it is evident that zinc, even au waters 
when alone, is corroded and dissolved by spring, well and river *'°"°^® ^"^ 
waters without exception. The experiments are of such a 
nature that any person can repeat them and remove all doubts 
that may remain in his own mind. The galvanic action which Galvanic ac- 
takes place when zinc is in contact with iron or other metals "i^oMd^on. 
hastens the solution of the zinc, rendering galvanized iron pipes 
more objectionable than those of zinc alone. Another danger impunties 
attendant on the use of zinc is the fact that it often contains 
other and still more objectionable metals, especially arsenic and 
lead. The difficulty of obtaining zinc free from arsenic is 
shown in the fact that such zinc sells for 60 cents per pound, 
whereas at the time of this writing ordinary spelter is quoted 
at Y^ cents. 

Zinrak recommends that zinc tanks, when used for water, 

should be painted on the inside with ocher or asphalt varnish. 
14 
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Amount oi It seems to be at present a disputed question how much zinc 
to effect a IS required to produce serious consequences. According to the 
ittSue'no'^. United States Dispensatory, " the compounds of zinc are pois- 
zinccom- onous, but not to the same extent as those of lead. The oxide 

pounds. - ■, , 

of zinc used in painting is said to be capable of producing a 
colic resembling that caused by lead, and called zinc colic." 
The sulphate known as white vitriol is used externally as a caus- 
tic ; internally it is tonic, astringent and, in large doses, a prompt 
emetic. The dose, as a tonic, is 1 to 2 grains ; as an emetic, 10 
to 30 grains. In an overdose it acts as an irritant poison. 
Chloride of zinc also acts as a caustic. Internally it is given in 
doses of a half to one grain ; in overdoses it is also a corrosive 
poison. The oxide of zinc is sometimes administered as a tonic 
in doses of 2 to 8 grains or more, repeated several times a day. 
Prof. Nichols' Prof. J. E. JSTichols states that he examined a whitish pow- 

experiment. 

der alleged to have been taken from the joints in the galvanized 
pipes and found it to consist of carbonate of zinc mixed with 
a little sesquioxide of iron. In one instance nearly half an 
ounce of^this salt was scraped from the interior of a galvanized 
pipe 60 feet in extent. The courageous doctor took half a 
grain of this salt an hour before retiring and passed a very un- 
comfortable night. 

During the past few years a great deal has been communi- 
cated to the chemical and medical journals on the subject of 
zinc poisoning, but the space at command is not sufl&cient for a 
review of the testimony. 
Tests for zinc Ziuc is the most difficult of all the heavy metals to detect, 
"* ^^' since iron, which is likely to be present in water, helps to con- 
ceal zinc. It it safe, however, to predicate in advance that zinc 
is present if the water has been in contact with that metal. 
Sulphuretted hydrogen does not precipitate zinc from acid solu- 
tions unless acetic acid alone is present. Zinc salts give a white 
precipitate with sulphide of ammonium and ferrocyanide of 
potassium. To detect zinc in the presence of iron, add enough 
ammonia to precipitate the iron and to redissolve the zinc which 
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was at first precipitated. Filter and test for zinc in the filtrate 
by means of sulphide of ammoninm or sulphuric acid. 
Pure tin is less acted upon, either by water or saline solu- -^^ot'on <>' 

water OQtla. 

tions, than any other of the common metals. When exposed 
to the combined action of water and air, it does, indeed, oxidize 
slightly, but the oxide being insoluble remains attached to the 
tin unless mechanically removed. The ordinary constituents of 
potable water have but little effect upon tin, even when in con- 
centrated solutions. Dilute acids destroy it, even the vegetable 
acids, as do the caustic alkalies. At the writer's request Mr. Mr.Haiiook-s 
E. J. Hallock, of Columbia College, New York, made some with tm 
interesting experiments to determine the action of saline solu- solutions, 
tions upon tin, the results of which may be briefly stated as fol- 
lows : "When a piece of block tin, free from lead, is exposed 
for four weeks to the action of a strong solution of common 
table salt (chloride of sodium), the solution becomes slightly 
milky and gives a reaction for tin, although very faint and 
slowly produced. On filtering, the liquid failed to give any 
reaction, indicating that the oxide of tin was suspended and not 
dissolved in the liquid. Strangely enough, the amount of tin 
in solution at the end of ten months was little, if any, greater 
than at the end of oue month. Several other salts were tried 
with similar results. Nitrate of ammonia, chloride of magne- 
sium and chloride of calcium acted upon tin sufliciently to give 
a tin reaction within a few days. Croton water which had been 
concentrated until it contained 22 grains of salt in a gallon, in 
contact with tin was soon foimd to contain a trace of tin. So- 
lutions of chloride of ammonium and of bicarbonate of lime 
required at least six weeks to acquire a perceptible trace of tin. 
Sulphate of lime forms a protecting incrustation upon tin. 

The nitrates and nitrites have a perceptible action on tin influence of 
when concentrated. It was not found practicable to determine nitntesontia 
the loss of weight in the tin, owing to the difficulty of remov- 
ing the incrustation of oxide formed upon it. Two points 
were, however, clearly demonstrated : First, that tin is acted 
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upon by most saline solutions, although very slightly, even 
when exposed for a long time ; secondly, the oxide and what- 
ever other compounds — probably oxychloride — were formed 
remain suspended in the liquid and can readily be removed 
by filtration. Tin salts are not injurious when taken internally ; 
hence, from a sanitary point of view, it is immaterial whether 
potable water takes up tin from the pipes or not. 
Action of sa- It is a curious fact that saline solutions dissolve out the lead 

line solutions p . -i -, -,-, ... i 

on alloys of from tin-lead alloys, even if the amount of lead be very small. 
"Weber analyzed a slimy deposit found in a salt-water bath in 
Reischaur's laboratory and found it to consist of 68 per cent. 
oxide of tin and 21 of oxide of lead, although the alloy of 
which the bath was constructed contained but 15^ per cent, of 
lead to 81 of tin. 
corrosion It is reported that certain well waters corrode tin pipes rap- 

of tlnln 1l . -^ , *■ 

well water, idly, but 1 am not able to say to which constituent they owe 
this corrosive action. It is not impossible that the metal alloyed 
with the tin in the manufacture of such pipe constitutes a very 
important factor in the reaction. A well water which is com- 
petent to destroy pure tin should, we think, be subjected to 
chemical analysis before venturing to use it for drinking, the 
probability being that it contains some unwholesome constitu- 
ent to the presence of which it owes its corrosive action. 
The salts As the salts of tin are not poisonous, their detection is of in- 
poisonous. terest only for the jDurpose of ascertaining whether a given 
water is attacking the tin pipes through which it passes, for 
water containing chlorides and nitrites will generally do so. 
Tests for tin. Chloride of gold, which can be obtained of any photographer, 
will produce a purple in very dilute solutions of tin salts. A 
little nitric acid should be added to the gold solution, and if no 
purple color appears on mixing it with the water to be tested, 
it should be allowed to stand a few days, when the purple pre- 
cipitate will have settled at the lowest point of the test tube, 
where it is readily seen on placing the tube on a sheet of white 
paper. 



THE CHEMISTEY OF PLUMBmO. 213 

Sulphiiretted hydrogen yields a precipitate with tin salts, 
which may be brown or yellow, according to which oxide is 
present. This precipitate is soluble in alkaline sulphides, and, 
as above stated, is not formed by sulphide of ammonium. 

Copper has far less affinity for oxygen than iron, and will not Action of wa- 
decompose water except at a bright red heat, if at all. Whether 
it will under any circumstances is, 1 believe, a matter of dispute 
among authorities. Even water which contains acids does not 
attack copper unless air is also present. On the other hand, in 
dry air copper is not affected, but air and moisture combined 
attack it rapidly, especially if any acid, however weak, such as 
carbonic or acetic acid, be present. Inasmuch as moist air 
always contains, practically, some carbonic acid, bright copper 
exposed to its action becomes covered with a fihn of basic car- 
bonate of copper, very generally but improperly called verdi- 
gris. 

Copper not only dissolves readily in the weakest acids, but Action ot 
also in alkaline and saline solutions if exposed to the air. ^pper" 
Kersting states that while all potable water dissolves more or 
less copper from copper pipe or vessels used to hold or conduct 
it, it attacks the copper with especial violence if nitrate of am- nitrate of 
monia is present — a fact which also holds good with regard to °™™° 
tin and lead. If water which holds copper salts in solution is Galvanic ac- 
passed through lead pipes, the copper, being more strongly coppers?" 
electro-negative than lead, is precipitated by it, and a corre- ** *^™* 
sponding quantity of lead is probably dissolved. The same is 
true to a still greater degree with regard to zinc, so that when 
water containing copper salts is passed through galvanized iron 
pipes, the latter are especially attacked by them. This weak 
galvanic current is well known, and the principle is often em- 
ployed to protect copper by means of zinc, as in the case of the 
coppered bottoms of ships and other vessels navigating salt 
water. The galvanic action of lead and copper is weaker and 
was long overlooked by practical men, and even yet is not so 
generally understood as it deserves to be. It is possible that in 
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cases where pipes liave been corroded and no cause could be 
detected, this weak galvanic action has been at work between 
the positive pipe and some more negative constituent of the 
water. 
Salts of The carbonate of copper is one of its most insoluble salts, and 

copper. ^ ■• ^ , . 1 

hence could easily be removed by filtration, because it is merely 
suspended, not dissolved, in the water. It is said to be decom- 
posed by boiling, forming other insoluble compounds, chiefly 
the black oxide. The nitrate, sulphate and chloride of copper, 
which are liable to be produced by the action of waters contain- 
ing nitrates, sulphates and chlorides, are mostly soluble and 
possess very dangerous qualities. The true verdigris, or acetate 
of copper, when brought into contact with water breaks up into 
two other acetates, one of which contains less copper and is very 
soluble ; the other contains more and is entirely insoluble. It 
is necessary to remal-k that this compound is only produced 
when vinegar or acetic acid comes in contact with copper. It 
is this which imparts the beautiful green color to cucumber 
pickles when prepared in copper vessels, as is easily proved by 
inserting a bright steel knife blade in a green pickle. In a few 
hours the blade is more or less perfectly copper plated. The 
oxychloride of copper, which is usually produced when copper 
is left in contact with salt water or other solution of chlorides, 
is not soluble in water. It was manufactured and used as a 
pigment under the name of Brunswick green, but has now 
given place to the more dangerous Paris green. 

Banger of Copper utensils are much employed in culinary operations, 
su'ta'^o'J^ni and with less danger than would seem at first thought. Boiling 

'^"^^^^ water contains no air, and hence, if it contains salts or acids, is 
not able to attack the copper so long as it continues to boil. 
Food cooked in copper vessels should not, however, be left 
therein until cooL The black oxide of copper is soluble in oils 
and fats, so that greasy matters boiled in copper utensils Avhich 
are not kept bright are liable to become impregnated with the 
metal. Considering the risk, their use should be entirely aban- 



THE CHEMISTEY OF PLUMBING. 215 

doncd. Copper salts are highly poisonous, causing vomiting, poisonous 
violent pains in the stomach and bowels, fainting, violent head- copper salts, 
ache, cramps, convulsions and death. 

In the foregoing pages I have attempted to show, with as conclusions, 
much particularity as seemed to be necessary under the circum- 
stances, what results we may expect will follow the exposure of 
lead, iron, zinc, tin and copper surfaces to the action of water. 
If the facts are as stated, it is obvioiis that the only metals 
which can be counted safe under all circumstances are iron and 
tin, but these cannot always be used with advantage for eco- 
nomic reasons. Under some — and perhaps many — conditions, 
lead can be used with safety ; but it is well to be sure of our 
conditions before we trust lead. It is unnecessary, however, to 
add any general remarks to the very full discussion which has 
occupied so many pages. 



CHAPTEE IX. 

Elemkntaet Hydeaulics Applicable to Plumbing "Woek. 
Relation of Plumbers in cities are rarely called upon to face difficulties 

hydraulics to . . . ■ i n t j? t • 

plumbing. 01 a nature requiring a more extensive knowledge ot the prin- 
ciples of hydraulics than they may be supposed to have gained 
in the practice of their trades. All their calculations are based 
upon definite data. They know the head of water with which 
they have to deal, and the size and weight of pipe required. 
They have their constant supply in the street main, and to tap 
this, bring the water into the house and distribute it, calls for 
very little of the knowledge which country plumbers must 
In cities, have to compass equally satisfactory results. All of the science 
of hydraulic engineering which the city plumber needs to 
know might be given in a few simple rules and tables ; the 
country plumber, who must often seek his water supply where 
he can find it, and sometimes bring it long distances through 
In country, small pipes, must be something of an engineer as well. lie 
certainly meets with difficulties which would puzzle hydraulic 
engineers accustomed only to large undertakings, such as the 
construction of water works and the supplying of towns. For 
the benefit of this large and important class of artisans, as well 
as of those who employ them, I will briefly consider what seems 
to me the most important of the elementary facts pertaining to 
Elementary the scieuce of hydraulics. "Were this chapter intended for the 
of chapter, perusal of engineers, or those presumably well acquainted witli 
the principles of hydraulic engineering, I should omit many 
things to which I have given place, and put in many which are 
here omitted; as it is, my aim is simply to give practical 
plumbers and others who may be interested in the subject the 
items of information which mj experience has led me to be- 
lieve they will find most useful. Under the circumstances, 
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tlierefore, no apology is needed for the elementary character 
of this chapter. 

Water is a practically incompressible liquid, weighing, at the water 
average temperature of 60° Fahr., about 62'3 lbs. to the cubic 
foot, and 8-3 lbs. to the gallon. These figures are subject to 
slight variations incident to changes in temperature. 

A column of water 12 inches high exerts a downward pres- rrossureduo 
sure of about -iS lb. to the square inch. A column 2 feet 
high exerts a pressure of about '86 lb., or just twice that ex- 
erted by a column one foot high. This pressure per square 
inch, due to head, is irrespective of volume or anything else, 
except vertical liight of column. With these figures in mind, 
the calculation of the pressure per square inch due to any head 
is a simple matter. The following rules will be found valuable 
for reference : 

To jmd pressure in lbs. per square inch exerted hy a column to calculate 
of water. — Multiply the hight of the column in feet by •43. ondhTaa. 

To find the head. — Multiply the pressure in lbs. per square 
inch by 2-31. 

Pressure of water. — The weight of water or of other liquids weight 
is as the quantity, but the pressure exerted is as the vertical pressure, 
hight. 

Fluids press equally in all directions ; hence, any vessel or pressure or 
conduit containing a fluid, sustains a pressure on the bottom eqiliiyT^^ 
equal to as many times the weight of the column of greatest i'^^"*'"'"- 
hight of that fluid as the area of the vessel is to the sectional 
area of the column. 

Lateral pressure. — The lateral pressure of a fluid on the sides Lateral 
of the vessel or conduit in which it is contained is equal to the 
product of the length multiplied by half the square of the 
depth, and by the weight of the fluid in cubic unit of dimen- 
sions. The following formula is simple and satisfactory : Mul- 
tiply the submerged area in inches by the pressure due to one- 
half the depth. By submerged area is meant the surface upon 
which the water presses. For example, to find the lateral 
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pressure upon the sides of a tank 12 ft. long by 12 ft. deep ; 
144 X 144 = 20,736 inches of side. The pressure at the bot- 
tom Avill be 12 X "43 = 5'16 lbs., while the pressure at the 
top is 0, giving us, say, 2-6 lbs. as the average. Therefore, 
20,736 X 2-6 = 53,914 lbs. 

Discharge Discharge of water. — The quantity of water discharged dur- 
ing a given time from a given orifice, under different heads, is 
nearly as the square roots of the corresponding hights of the 
water in the reservoir or containing vessel above the surface of 
tlie orifice. 

Relation of Small orifices, on account of friction, discharge proportion- 
sizeoi ormce! atcly Icss than those which are larger and of the same shape 
under the same pressure, 
circular Circular apertures are the most eificacious, having less surface 

aper nres. .^ pj-Qportion to area than any other form. 

Discharge If a Cylindrical horizontal tube through which water is dis- 

rom p pes. ^^^^^^^ ^g q£ greater length than its diameter, the discharge is 

much increased. It can be lengthened with advantage to four 

times the diameter of the orifice. 

Contents To find the mimher of TJ. 8. gallons contained in a foot of 

ot pipes. ^.^^ ofa^iy diamster. — Square the diameter of the pipe in 

inches, and multiply the square by -0408. 

Velocity of Velocity of flow of water. — "Water which has a chance to 

flowof water. , , . ■, , . . 

now downward does so with a velocity m exact proportion to 
its head. The following table gives the velocity of flow of 
water due to heads of from 1 to 40 feet : 
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Velocity in Feet per Second due to Heads of from 1 to 

40 Feet* 



Head. 


Velocity. 


Head. 


Velocity. 


Head. 


Velocity. 


Head. 


Velocity 


0.5 


5.67 


10.5 


25.98 


20.5 


36.31 


30.5 


44.29 


I. 


8.02 


II. 


26.60 


21. 


36.75 


31- 


44.65 


1-5 


g.82 


11.5 


27.19 


21.5 


37.18 


31.5 


45.01 


2. 


11.34 


12. 


27.78 


22. 


37.61 


32. 


45.37 


2.5 


12.68 


12.5 


28.35 


22.5 


38.04 


32.5 


45.72 


3- 


13.89 


13. 


28.91 


23. 


38.46 


33- 


46.07 


3-5 


15. 


13.5 


2946 , 


23.5 


38.88 


33-5 


46.42 


4. 


16.04 


14. 


30.00 


24. 


39-29 


34- 


46.76 


4-5 


17.01 


14-5 


30.54 


24-5 


39.69 


34.5 


■47.10 


5. 


17.93 


15. 


31.06 


25- 


40.10 


35. 


47.44 


5-5 


18.81 


15-5 


31.57 


25-5 


40.50 


35-5 


47.78 


6. 


19.64 


16. 


32.08 


2t. 


40.89 


36. 


48.12 


6.5 


20.44 


16.5 


32.58 


26.5 


41.28 


36.5 


48.45 


7- 


2T.22 


17- 


33.06 


27- 


41.67 


37. 


48.78 


7-5 


21.96 


17.5 


33.5s 


27.5 


42.05 


37.5 


49.11 


8. 


22.68 


18. 


34.02 


28. 


42.44 


38. 


49.44 


8.5 


23.38 


18.5 


34.49 


28.5 


42.81 


38.5 


49.76 


9. 


24.06 


19. 


34.96 


29. 


43.19 


39- 


50.08 


9.5 


24.72 


19.5 


35.41 


29.5 


43.56 


39.5 


50.40 


10. 


25.36 


20. 


35.86 


30. 


43.92 


40. 


50.72 


T 1 


1 • 


1 


- J. 




!-!_ 1 _ - 


• 


_ - J3 _ _ 



In plumbing: work we cannot secure this velocity in the flow i^iotion 

... of pipes. 

of water through pipes because of the friction which con- 
stantly tends to diminish it. The longer the pipe the greater 
the friction and consequent retardation of the flow. In the 
following table we have the head of water consumed by friction 
in pipes one yard long and from 1 to 4 inches, in diameter. 
This table shows the head of water required to produce a given 
flow per minute. By means of the rules given on page 221 it 
is made applicable to any length of pipe, and a variety of prob- 
lems relating to lengths and diameters of pipe, discharge in gal- 
lons and head in feet are solved by it : 
* Box's Hydraiilics. 
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Head 
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of Water Consumed hy Friction in Pij>e8 one 
Yard Zong.^ 



lioss of head . 
by friction. 



Gallons 

per 
Minute. 



3- 

4- 
S- 
6. 

7- 
8. 

■9' 

TO. 
20. 

3° 
40. 

5°. 
60. 

7° 
80 
90. 

100. 

no. 

120. 

I3°- 
140, 
150. 
160. 
170. 
180. 
X90. 
200, 
210. 
220, 
230, 
240. 
250. 
260. 
270. 
280. 
290. 
300. 
310. 
320. 

330' 
340. 

3SO. 
360, 
370. 
380. 

39°' 
400, 
410. 
420, 
430, 
440. 

450. 
460, 
470. 
480. 
490, 
500. 



Diameter of the Pipe in Inches. 



.0041 
.0164 
.0370 
.0658 
.1028 
.1481 
.20x6 
.2633 
■3333 
.411 
1.64 

3.70 
6.58 
10.28 
14.81 
20.16 
26.33 
33-33 
41. 1 
49-7 
59-2 
69-5 
80.6 
92.5 
105.3 
118.9 
133-3 
148 s 
164.6 
181.4 
199-1 
217.6 
237.0 

257-1 
278.1 
299.9 
322.6 
346.0 
37°-3 
395-4 
421-3 
448.1 

475-0 
S04'-o 
533-3 
503-3 
594-2 
625.8 
658.4 
691.7 
725.8 
760.8 
796.6 

833.2 
870.7 
909.0 
948.0 
988.0 
1028.7 



iM 



2'/^ 



i'A 



Head of Water in Feet. 



.C0054 

.00216 

.004S7 

.00867 

.01354 

.01950 

.02655 

.03468 

.04389 

.0541 

.2x67 

.4877 

.8670 

1-35 

1-95 

2.65 

3-46 

4-38 

5-4 

6-S 

7-8 

10.6 

12. X 

13-8 
I 15.6 
17-5 
19-5 
21.6 
23.8 
26.2 
28.6 
31.2 
33-8 
36-6 
39-5 
42.4 

45-5 
48.7 
52.0 
55-5 
S9.0 
62.6 
66.3 
70.2 
74.1 
78.2 
82.4 
86.7 
91.0 
95- S 
X00.1 
104.9 
109.7 
114.6 
119.7 
124.8 
130. 1 
I3S-4 



.00012 

.0005X 

.00115 

,00205 

.0032X 

.00463 

.00630 

.00823 

.01041 

,01286 

-0514 

-115 

.205 

.321 

.463 

.630 

.823 

1.04X 

1.28 

1-55 

1.85 

2.17 

2.52 

2.89 

3-29 

4.16 
4.64 
5-14 
5.67 
6.22 
6.80 
7.40 
8.03 
8.69 
9-37 
10.08 
10.8X 
11.58 
12.3s 
13.16 
14.00 
14.87 
15.7s 
16.66 
X7.60 
18.57 
19.56 
20.57 
21.61 
22.68 
23.8 
24.8 
26.0 
27.2 
2S.4 
29.6 
30.8 
32. z 



.000042 
.000168 
,000379 
.000674 
.001053 
.00x5x7 
.002064 
.002696 

.003413 

.00421 

.0x685 
.03792 

.06742 

■ 1053 
.1517 

.2064 
.2696 

-3413 

.42X 

.509 
.606 

.712 
.825 

.948 

X.078 
X.217 

1-365 
1-521 

1-685 
1-858 
2.039 

2.229 

2.427 
2.633 
2.848 
3.071 
3-303 

3-544 

3.792 

4.049 

4.215 

4-589 

4.871 

5. 162 

5.461 

5.769 

6.085 

6.408 

6.742 

7.083 

7-433 

7-79 

8-15 

8.53 

8.91 

9-30 

9-70 

10.11 

10,53 



.000016 

.000067 

,000152 

.000271 

.000423 

,000609 

,000830 

.001084 

.00x372 

.00x69 

,00677 

.0152 

.0271 

.0423 

.0609 

.0830 

.1084 

• 1372 

.X69 

.203 

-243 

.286 

■332 

.381 

-433 

.485 

-549 

.6xx 

•677 

-747 

.8x9 

.896 

•975 

X.058 

1.145 

1.234 

X.328 

1.424 

1.524 

1.627 

1-734 

1-844 

1.958 

2.075 

2.X96 

2-336 

2.446 

■ 2.576 , 

2.710 

2.847 

2.988 

3-13 

3-27 

3-43 

3-58 

3-74 

3-90 

4.06 

4-23 



.0000078 

.00603T3 

.0000705 

.000x25 

.000x95 

.000202 

.000383 

.00050X 

.000634 

.000783 

•00313 

,00707 

.01253 

.01958 

.02820 

.03839 

.05014 

.06346 

.078 

-094 
.112 
.132 
-153 
.17C 
.200 
.226 

.253 
.282 

-313 
-345 
379 
-414 
.451 
.489 
.529 
.571 
.614 
.658 
.70s 
-752 
.802 
.853 
.905 
.959 
1.015 
1.072 
1.131 
X.X91 
1.253 
1.317 
1.382 
1.448 
X.5X6 
1.586 
1.657 
1.730 
J. 805 
1.881 
1.958 



.000004 

.0000x0 

.000036 

.000064 

.oooxoa 

.000144 

.000196 

.000257 

.000325 

.00040X 

.00160 

0036 X 

-00643 

.01004 

.0x446 

.01969 

.02572 

-03255 

.0401 

.0486 

• 0578 
.0679 
.0788 
.0904 
.X028 
.ii6x 

.X3X2 

■ 1450 
X607 

.1772 
.1945 
.2126 
.2314 
.2511 
.2716 
2929 
.3150 

• 3379 
.3617 
.3x63 
.4115 

■ 4376 
-4645 
-4923 
-5248 
-55°2 
-5803 
.6112 
.6430 
-6755 
.7089 

-743 
.778 
.813 
.850 
.887 
.925 
-964 
Z.004 
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The practical application of this table will be found in the 
following rules : 

To find the head of water when diameter and length of to and head. 
jpipe and number of gallons discharged per minute are Tcnown. 
— In the above table the head due to a length, of one yard is 
found opposite the number of gallons. Multiply that ntimber 
by the given length in yards and we have the required head in 
feet. Thus, to find the head necessary to deliver 130 gallons 
per minute by a pipe 4 inches in diameter, 500 yards long : 
Opposite 130 gallons in the table and under 4 inches in diam- 
eter is -679, which, multiplied by 500, gives 339-5 feet, the 
head sought. 

To find the diameter of the pipe when head, length of pipe to and diam- 
and the number of gallons discharged per minute are Jcnown. — 
Divide the head of water in feet by the length of the pipe in 
yai'ds, and the number nearest to this in the table opposite 
the number of gallons will be found under the required 
diameter. 

To find the number of gallons discharged when the head,T:omLiais- 
length of pipe and its diameter are Jcnown. — Divide the head 
of water in feet by the given length in yards, and the nearest 
number thereto in the table under the diameter will be found 
opposite the required number of gallons. 

To find the length when the head, number of gallons per TottaneTieO^ 
Tninute arvd diameter of pipe are hnown. — Divide the given ° " ^^ 
head by the head for one yard found in the table under the 
given diameter and opposite the given number of gallons, and 
the result is the required length. 

The actual discharge of pipes is easily calculated with Actual dis- 
approximate accuracy by Prony's formula.. In using ^j^jg <"'"^«^°'p'p® 
formula, find the discharge in gallons per minute by multiply- 
ing the head in inches by the diameter of the pipe in inches, 
and divide the product by the length of the pipe in inches 

— Y — • ^ ^'^ following table find the number nearest 
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to the quotient thus obtained in the first column, and the dis- 
charge in gallons per minute will be found opposite it, under 
the diameter of the pipe used : 

Discharge of Pipes ly Prony's Formula. 







Diameter of the Pipe in Inches. 


Ve 

H X d in 

Prony's L 1 


ooity 
Feet 
)er 
ond. 


I 


15^ 


2 


2^ 


3 


3% 


4 


5 


6 


formula. °®< 


























Gallons Discharged per Minute. 




.00002402 


02s 


.0511 


.1150 


.2045 


.3196 


.4602 


.626 


.818 


1.278 


1. 841 


.00005437 


OS 


.1022 


.2301 


.4091 


.6392 


.9204 


1.252 


1-636 


2-556 


3-682 


.00009108 


07s 


■1534 


•3450 


.6136 


.9588 


1.381 


1.878 


i=.454 


3-834 


5-523 


.0001341 


zoo 


.2045 


.4602 


.8182 


1.278 


1.841 


2.504 


3-273 


5-113 


7 363 


.0001836 


123 


.2556 


•5750 


1.023 


1.598 


2.301 


3.130 


4.090 


6.390 


9.20s 


.0002394 


15 


.3067 


.6900 


1.227 


1.917 


2.761 


3.756 


4.908 


7.668 


II. OS 


.0003016 


175 


•3578 


•8053 


1.432 


2.237 


3.221 


4.382 


5.728 


8-947 


12.83 


.0003702 


" 


.4090 


.9204 


1.636 


2.557 


3.682 


5.008 


6.S46 10.23 


14-73 


.0004452 


225 


.460T 


1-035 


1.841 


2.876 


4.142 


5-634 


7.363 11-50 


16.57 


.0005266 


25 


.5112 


1 . 150 


2-045 


3.196 


4.602 


6.260 


8.160 12.78 


18.41 


.0006140 


275 


.5624 


1.26s 


2.250 


3.515 


5.062 


6.886 


9.000 14.06 


20.25 


.0007080 


3 


•6135 


1. 381 


2-454 


3.835 


5- 522 


7>Si2 


9-819 15.34 


22.09 


0008087 


32s 


.6646 


1.496 


2.659 


4.154 


5.982 


8.138 


XO.64 


16.62 


23-93 


.0009154 


35 


•7157 


i.6ir 


2.864 


4.474 


6.443 


8.764 


11.46 


17-89 


25.77 


.00Z02S6 


375 


.7669 


1.726 


3.068 


4-794 


6.903 


9-390 


12.27 


19.17 


27.61 


.00Z1480 


4 


.8180 


1. 841 


3.273 


5- 113 


7-363 


10.02 


13.09 


2045 


29-45 


.001274 


425 


.8691 


I -955 


3-477 


5.433 


7-823 


10.64 


13.91 21.73 


31.29 


.001406 


45 


.9202 


2.071 


3.682 


5.757 


8.284 


11.27 


14.73 ,23-01 


33-13 


•001545 


475 


■9713 


2.186 


3.886 


6.077 


8.744 


11.89 


15-55 24-29 


34-97 


.00x690 


5 


1.023 


2.301 


4-091 


6.392 


9.204 


12.52 


16.37 .25-57 


36.82' 


.002 


55 


1. 125 


2.531 


4- 500 


7-031 


10.12 


13-77 


18.00 28.12 


40.50 


.00233 


6 


1.227 


2.761 


4.909 


7.670 


11.04 


15.02 


19.64 I30.68 


44.18 


.002693 


65 


1.329 


2.991 


5-318 


8.309 


11.96 


16.28 


21.27 33.23 


47-86 


.003079 


7 


1.431 


3.221 


S-727 


8.948 


12.88 


17.53 


22.91 35.79 


51-54 


.003490 


75 


1-533 


3-450 


6.136 


9.588 


13.81 


18.78 


24-54 38-34 


55-23 


.003926 


8 


1.636 


3-682 


6.544 


10.23 


14.73 


20.03 


26.18 '40.90 


58.90 


.004388 


85 


1-738 


3.912 


6.954 


10.86 


15.63 


21.29 


27.82 43.46 


62.59 


.004876 


9 


1. 841 


4.142 


7-363 


11.51 


16.57 


22.53 


29.46 46.02 


66.27 


.005928 1 





2.045 


4.602 


8.182 


12.78 


18.41 


25.04 


32.73 


51-13 


73.63 


.00648 I 


05 


2.147 


4.832 


8.591 


13.42 


19-33 


26.29 


34-37 


53-69 


77.31 


.00708 I 


I 


2.249 


5-062 


9.000 


14.06 


20.25 


27-54 


36.00 


56.24 


80.99. 


.007691 I 


IS 


2.351 


5.292 


9.409 


14.70 


21.15 


28.80 


37.64 


58.80 


84.67 


.008338 I 


2 


2-454 


5-522 


9.S18 


15-34 


22.09 


30.05 


39.28 ^61.36 


88.36 


.009 I 


25 


2.556 


5-753 


10.23 


15.96 


23.01 


31-3° 


40.91 63.91 


92.04 



Discharge of 
small pipes. 



The discharge of small pipes may be calculated with sufficient 
accuracy for practical purposes from the following convenient 
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table, showing the quantity of water that will flow through a 
pipe 600 feet long in 24 hours, with a pressure due to a head of 
10 feet : 

^-inoh bore. . . . 3,200 gallons. 



J^-inch bore . . 


576 gallons 


j4-inch. " .. 


. 1,150 " 


}i-mch " .. 


. 2,040 " 



l-inch " .... 6,624 " 
i^-inch " .... 10,000 " 

Having determined the pressure due to head with which he strength 
has to deal, and the size of the pipe needed to discharge a given ° ^ ^^ 
quantity in a given time, the plumber must calculate the 
strength which his pipe must possess to resist this pressure 
under all conditions. This he need not do with absolute accu- 
racy, for the reason that he must use the pipe he finds- in the 
market ; but the strength of the sizes in the market is known, 
and on the basis of this knowledge he can determine the weight 
of pipe he requires. In all such calculations, however, there 
should be a liberal margin for safety. The pipe may corrode, contingen- 
external influences may weaken it, and extraordinary pressures allowance""' 
may be brought to bear upon it — as by the sudden closing of ""''"'®'"*'^* 
a cock, which, owing to the incompressible nature of water, 
causes it to strike a powerful blow, due to the suddenly 
arrested momentum of the entire column of water in the pipe. 
This often bursts pipes which are amply strong to resist a great 
deal more than the normal pressure to which they are subjected. 
Other causes also operate to increase the pressure and tax the 
resisting powers of the pipe, and it must be strong enough to 
bear these without straining. Through the courtesy of Mr. T. 
O. Leroy, of New York, I am able to present a table of much 
value, which gives the relation of size and thickness to strength 
in standard lead pipes. These figures, from which I have 
omitted the decimals, are compiled from the results of careful 
tests : 
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Weight and Strength of lead Pipes. 



strength of ^ 
lead pipes. 
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Tin-lined lead pipe is somewliat lighter than lead pipe bear- weight of 
ing the same mark, as will be seen from a comparison of the lead pipes, 
following table with the one last given : 

■ Weights per foot of Tin-lined Lead Pipes. 



Caliber. 



AAA AA A 

Weight I Weight Weight 
per ft. per ft. per ft. 



Inches. 






lb. oz. lb, 
8 



z%. 



B ■ C ■ 
Weight Weight 
per It. per ft. 



I 
oz. lb. oz. 



3 o 

3 8 

4 8 
6 o 

6 12 

9 o 

lO 12 



z 


5 


2 


o 


2 


12 


3 


8 


4 


12 


5 


12 


8 


O 


9 


o 



lb. oz. lb. oz. 
13 



Weight 
per ft. 



D Llghtl E 



Weight 
per ft. 



lb. oz. lb. oz. 



Weight 
per ft. 



lb. oz. 



E Light 
Weight 
per ft. 



lb. oz. 



The strength of tin-lined pipe is about the same as that of strength. 
lead pipe, the greater strength of the tin being offset by the 
lighter weight per foot of the pipe thus made. Some experi- craven's 
ments made by Mr. A. "W. Craven, C. E., chief engineer of the 
Croton Aqueduct Department of New York, gave the follow- 
ing results : 

Size of Pipe. Lead. Tin-lined. 

A, Breaking strain, per square inch 1600 1600 

AA, " " " " 1600 1665 

AAA, " " " "...... 1800 1930 

... ' 

Were the tin-lined pipes made the same weight per foot as safe working 

lead they would no doubt be Considerably stronger. As it istto!uSd°* 
they are probably fully as strong, but I should not advise snb-^*'"''''®^' 
jecting them to a greater working pressure than would be con- 
sidered safe with a lead pipe of the same size and mark. The 
manufacturers do not claim for it any greater strength than 
they have allowed for by making the pipe lighter than lead. 

Block-tin pipe is stronger for a given weight per foot than strength ot 
lead or tin-lined. As compared with lead its strength is ahout pipes. ^ 



as 3f to 1. 
15 



The following table shows the 
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Weights per foot of Bloch-Tin Pipes. 



}i inch, AA . . . 
5-16 " AAA. 
H " AAA. 
H " AA.., 
AAA.. 






AA. 
A... 



6% " 

7 " 
4 " 

10 " 

8 " 
6}i " 
45^ " 



flinch, AAA iz oz. 



H 
U 



AA... 

A 

AAA ,. 
AA... 

A 

AAA. 
AA... 



IZ oz. 


I inc 


9 " 


^y* ' 


6 " 


i^ ' 


13 " 


15^ ' 


II " 


^^ ' 


8 " 


i« ' 


17 " 


2 * 


14 " 


2 ' 



inch, A 12 oz. 



AAA,. 
AA. . 
AAA.. 
AA... 
A 

AAA, 

AA... 



26 " 

18 " 
3S" 

24 " 

19" 

40 ■• 
26 " 



Wrought- 
iron pipes. 



Wronght-iron pipes suitable for water service range In diame- 
ter from I inch to 16 inches. The following table, compiled 
by Messrs. Tasker & Co., of the Pascal Iron "Works, Philadel- 
phia, gives the 

Standard Sizes and Weights of Welded Iron Pipes. 



Inside Diameter. 



Inches, 

^ 

% 

1 

I^ 

x^ 

2 

2% 

3 

3K 

4 

AVz 

5 

6 

7 

8 

9 

10 



c§- 



Inches. 
0.84 
1.05 

1-315 

1.66 

1.9 

2-375 

2.875 

3-5 

4.0 

4-5 
5- 

5.563 
6.625 
7.625 
8.625 
9.688 
10.75 









Inches. 
0.109 
0.113 
0.134 
0.140 
0.145 
0.154 
0.204 
0.217 
0.226 
0.237 
0.247 
0.259 
0.280 
0.301 
0.322 

0.344 
0.366 



CO (D 



f 



Inches. 
0.623 
0.824 
1.048 
1.380 
1.611 
2.067 
2.468 
3-067 
3-548 
4.026 
4.508 
5-045 
6.065 
7.023 
7.982 
9.001 
10.019 






Lbs. 

0.845 

1. 126 

1.670 

2.25S 

2.694 

3.667 

5-773 

7-547 

9-055 

10.728 

12.492 

14.564 

18.767 

23.410 

28.348 

34-077 

40.641 
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These pipes are subjected by the makers to the following strength of 

wrought- 
tests : iron pipes. 

Yz to r% in. butt welded 300 lbs. hydraulic pressure per square inch. 

i>^ to 10 in. lap " 500 " " " " 

Practically, they are strong enough to bear any pressure with 
which the plumber has to deal. The same is true of drawn 
brass and copper pipes. 

The pressures to be dealt with in American plumbing prac- Pressures, 
tice vary through a wide range. In cities supplied by what are 
■ known as gravity works, i. e., where dependence is placed on 
natural head at the distributing reservoir, as in New York, the 
pressure of water is often very light. Where pumping ma- 
chinery is used and a high head is maintained in tall stand 
pipes or the pumps deliver directly into the mains, we 
sometimes get pressures of 100 pounds to the inch and 
upward. In such cases pipes are subjected to very severe 
strains, and are often burst by the siidden closing of a cock or water 
valve. The power exerted by a column of water suddenly °™^'^' 
arrested is almost always great enough to make the pipes quiver 
and rattle from end to end, and for safety, as well as for con- 
venience, we must make some provision for cushioning the 
water hammer. An air chamber, always useful, becomes a Air chambers 
necessity when heavy pressures are dealt with. These are com- 
monly made by carrying the pipe from 15 to 20 inches above 
the cock or valve, and in this added length the air is compressed, 
making an elastic cushion upon which the blow expends itself 
harmlessly. This, at least, is the theory of the air chamber. 
E'ow in practice, where there are heavy water pressures, these 
air chambers often fail precisely as they sometimes fail in steam 
fire engines. The air in them is gradually carried out with the 
water which surges up into them, and when they are full of 
water, the water hammer, as it is called, is not cushioned, owing 
to the incompressibility of water. "With the hydraulic ram, 
the fire engine, the steam pump and other hydraulic apparatus, 
this difficulty is overcome by the use of a small valve, through 
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■which, at certain points in the stroke, air is drawn in in suffi- 
cient quantity to supply any loss in the air chamber. In house 
plumbing we cannot well have recourse to this expedient, and 
for this reason the common form of air chamber is not usually 
worth the lead used in making it. An air chamber or its 
equivalent can, however, be made which will meet all the re- 
quirements of the case, and cushion the water hammer what- 
Rubberbaue. ever the pressure. Take a piece of iron pipe, say T or 8 inches 
long, and large enough to hold a couple of solid rubber balls of 
2^ or 3 inches diameter, such as can be procured at any toy 
store. Cover the top of the tube with a screw cap, and fit it in 
position by means of a reducing collar and nipple. A chamber 
of this kind never fails. The blow of the water is expended in 
compressing the rubber balls. It would be well if such cham- 
bers were attached to the service pipe system of every house, 
since they not only greatly reduce the strains upon the pipes, 
couplings and closet valves, but in case of freezing permit 
such expansion within the pipe as will be very apt to avert the 
nuisance of a burst. I know of cases in which pipes have been 
protected by this simple device during repeated freezings, and 
can recommend it with entire confidence as likely to save a 
great deal of money in cold weather to landlords and tenants. 
Location of The location of the air chamber depends upon circumstances. 
A safe rule is to place it as near as possible to the point where 
the shock is felt most sharply. The philosophy of this is 
that the column of water, flowing rapidly and forcibly from 
a cock or fixture, is suddenly arrested by the closing of the 
cock, and strikes a blow precisely in the same manner as a stick 
of timber when used as a battering ram, but with this differ- 
ence, that the blow is distributed at once through the whole 
mass of the water in the pipes. The concussion should be 
arrested at the point where it is produced, which is at the cock, 
basin, or closet, as the case may be. The resulting jar when a 
cock is closed is heard all over the house, it is true, but the first 
strain is felt at the point where the water is shut off. 
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In providing for the storage of water, the plumber usually storage 
makes his calculations by " rule of thumb." Unless guided in 
this by knowledge gained from long experience, he is very 
likely to make mistakes. In the case of cisterns for rain water, cistema. 
it is important for economic reasons that he should make them 
large enough to contain all the water which will drain into 
them ; for sanitary reasons it is desirable that they should not 
be unnecessarily large.' The following rules and information 
will be found to apply especially to cisterns : 

To calaulate the amount of water which will drain from a Drainage 

■^ ... of roofs. 

roof. — ^Multiply the area of the roof in feet by the average ram- 
fall in a month, in inches, and the product by -623. This gives 
the number of gallons which will drain from the roof in a 
month. 

With a regular consumption for domestic purposes, cistern 
capacity for one-quarter to three-eighths this amount of water 
will be ample. 

When a roof has a steep pitch, its size should be determined 
by the area of ground it actually covers. 

The amount of rainfall in a given locality is determined by Hainfaiiin 

* , . 1 . . United states 

averages. The average rainfall in vertical inches is 30 inches 
in the basin of the great lakes ; 33 inches on Lake Erie and 
Champlain ; 36 inches on the Hudson Kiver, at the head waters 
of the Ohio, through the central portions of Pennsylvania and 
Yirginia, and the Western portion of North Carolina; 40 
inches in the extreme Eastern and Western portions of Maine, 
Northern New Hampshire and Yermont, Southeastern .Massa- 
chusetts, Central New York, Northeastern Pennsylvania, Souths 
eastern New Jersey, and Delaware ; also in a narrow belt run- 
ning down from the Western portion of Maryland, through 
Yirginia and North Carolina, to the Northwestern portion of 
South Carolina ; thence up through the Western portion of Yir- 
ginia, Northeast Ohio, Northern Indiana and Illinois to Prairie 
du Chien ; 42 inches on the East coast of Maine, Eastern Massa- 
chusetts, Rhode Island and Connecticut, and middle part of 
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Maryland ; thence on a narrow belt to South Carolina ; thence 
up through Eastern Tennessee, through Central Ohio, Indiana 
and Illinois to Iowa ; thence down through Western Missouri 
and Texas to the Gulf of Mexico ; 45 inches from Concord, N. 
H., through "Worcester, Mass., Western Connecticut and the 
City of New York to the Susquehanna Eiver, north of Mary- 
land ; also at Eichmond, Ya. ; Ealeigh, IS". C. ; Augusta, Ga. ; 
Knoxville, Tenn. ; Indianapolis, Ind. ; Springfield, 111. ; St. 
Louis, Mo. ; thence through Western Arkansas, across Red 
Kiver to the Gulf of Mexico. From the belt just described the 
rainfall increases inland and southward until, at Mobile, Ala., 
it is 63 inches. The same amount also falls in the extreme 
southern portion of Florida. 
Obstructions Au important subject intimately related to practical hydrau- 
' lies, is the obstruction of pipes from causes other than the 
complete or partial closing of the water-way by the lodgment 
Air traps, of solid substauccs therein. It is a matter of frequent expe- 
rience in plumbing work that water cannot be made to flow 
through pipes under certain conditions frequently met with, 
until openings are made to allow the air confined in the pipes 
to escape. A great many cases of this kind have been brought 
to my notice during the past few years by correspondents in 
different parts of the country, and examination has usually 
shown that the trouble resulted in bends of the pipe. It often 
happens that, through carelessness, or because of difficulties in 
the way of laying them straight, pipes have high and low 
High and poiuts. The latter give little trouble, unless by collecting and 
ow po n s. jjQJ^^jjjg sediment ; but when we have low points we are very 

certain to find high points, and 
when these occur they are like, 
ly to give trouble. In Figure 
22 is shown an exaggeration of 
one of these high points, or up- 
^^■''- ward bends, which will serve 

for purposes of illustration. Water always contains more or 
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less air and undissolved gases, which, being lighter than water, 
naturally collect at the highest points in a long pipe or con- 
duit, and, as shown in the illustration, partially close the water- 
way. When several of these obstructions occur in a line of 
pipe, it is not unusual for the flow of water to be stopped alto- 
gether. If the pressure of water was exerted only on one side 
of such an air cushion, it would be quickly dislodged, but in the 
case shown in the figure the pressure is the same above and be- 
low the bend, consequently the water only presses upward. Ob- 
structions of this kind give a vast amount of trouble to plumb- 
ers, and as the principle involved is not generally understood, a 
few facts on the subject which I take from a paper by Mr. 
Kichard H. Buel, 0. E., will be of interest. I have changed e. h. Buei 
the numbers of his drawings to make the figures number in 
regular order : " The collection of air in high- points of a pipe 
may stop the flow of water altogether, even when a considerable 
pressure is applied. In Fig. 23 (1) represents a bent tube con- 
taining a liquid, which stands at the same hight (on the level of 
the line a h) in each leg when no pressure is applied. Suppose 



c-' 




niustratlon 
of action of 
air in water 
pipes. 



Fig. 23- 

that, by means of a weight and piston, a pressure is put upon 
the liquid in one leg, producing a rise of o (Z in the other. In 
the same figure (2) represents a set of four bent tubes connected 
together, each similar to (1), and with the same amount of 
liquid in each, the upper connections being filled with a lighter 
liquid. If the same pressure is applied to this set, it will only 
cause a rise of about one-fourth of the amount that occurred in 
(1), since there are four equal columns to resist the pressure. 
This principle is applied to great advantage in the construction 
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of mercury gauges, obviating tlie necessity of employing a high 
column to register a considerable pressure of steam. But it 
will be seen that the application of this principle is anything 
but desirable in the case of water pipes. Thus suppose that 
the pressure applied to one leg of (1) was just sufficient to force 
water out of the other leg ; then, if the pipes were arranged as 
in (2), about four times as much pressure would have to be 
applied to one open leg to force water out of the other. An 
arrangement something like this may occur in a long water 
pipe, being represented on an exaggerated scale in Fig. 24. "We 




Fig. 24. 

may suppose that this pipe was at first full of air, and that 
water, being admitted, compressed the air into the high points, 
and collected in the low points, very much as in (2) Fig. 23. It 
might happen, then, that the pressure required to force water 
through the pipe would be more than sufficient to burst it ; so 
that the only remedy would be to make a few holes and release 
the air. Such an effect is not very common, only occur- 
ring in the case of • very long and crooked pipes. It is 
frequently observed with long syphons when the accumula- 
tion of air at the high points stops their action. The remedy 
is to have valves at such points that can either be opened by 
hand from time to time to let out the air, or can be arranged so 
as to open automatically when the air attains a certain pressure. 
otstTOctions This trouble is sometimes experienced in the mains of city 

in city mains. - t*,. i_ni'i i ./.i 

water works, and it is attended with great danger 11 the water 
is forced through the mains by an engine, since, if a pipe be- 
comes air bound, the effect may be to increase the water pres- 
sure, and thus burst the pipe. In laying a city main, it is often 
impossible to avoid high points on account of the nature of the 
ground ; but they should be carefully noted by the engineer. 
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and at every such point means sliould be provided for drawing 
off the air. If possible, it is a good plan to place a hydrant at 
each high point, as it will probably be used often enough to 
allow the air to escape. Wherever the main is tapped for the 
purpose of furnishing water to a building, it is well to drive 
the tap into the upper part of the main, so that it will aid in 
relieving the pipe of air. In pumping water through a main 
after the engine has been stopped for some time, it is necessary 
to see that the valves at the principal high points are kept open 
until the pipe becomes filled with water." 

The only correction I consider it necessary to malje in Mr. syphons. 
Buel's explanation of the causes of, and remedy forj the inter- 
ruption of the flow of water in pipes, relates to Avhat seems to 
be a misuse of the word syphon. A syphon, strictly speaking,, 
is a tube through which water passes, 
partly by gravity and partly by the 
atmospheric pressure, or suction, so 
called. In other words, the water is 
lifted above the level of the water 
in the reservoir by means of the 
column of water in the longer leg, Fig. 25. 

which, by its weight, is constantly tending to form a vacuum 
in the highest part of the pipe, into which vacuum water from 
the reservoir is forced by atmospheric pressure. Opening the 
top of a syphon of this character would merely empty both legs 
of the pipe. If, however, the top of the bend in the pipe be 
below the level of the water in the reservoir, the opening of 
the pipe at the bend allows the air to escape. This form of 
pipe is often called a syphon, but incorrectly. The pipe on the 
left of the vessel containing water shown in Fig. 25 is a 
syphon, while that on the right is not. From a syphon the air 
can be drawn by means of a pump, but not by simply opening 
a valve, it being necessary to create a partial vacuum in order 
to remove the air. It is quite common to speak of any vertical 
bend in a pipe as forming a syphon, but under ordinary circum- 
stances syphons are rarely formed in pipes, since they can only 
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be made to lift water about 33 feet at the sea level when work- 
ing to the best advantage. They work under the same condi- 
tions in this respect as a suction pump. 
Raising In practical plumbing it is not always possible to deal with 
^ " natural heads. "Water must often be raised — as from wells and 
cisterns, and when drawn from sources which give an available 
head but not strength enough to carry them to the level re- 
quired — ^by mechanical means ; and the problem is how to raise 
Pumps, most water with the least expenditure of power. When no 
head is available, recourse must be had to pumps. These may 
be driven by wind, by water under certain circumstances, by 
steam or caloric engines, by animal power or by hand. The 
following tables will be found useful for theoretical calcula- 
tions : 

To Find the Power Required to Raise Water to any Sight. 
— Multiply the quantity required per minute in cubic feet by 
the lift in feet, and this by 6"23, dividing the product by 33,000 
for the nominal horse-power required. By adding 30 per cent, 
we can find the actual horse-power required in most instances. 
If the quantity required per minute is in gallons, the multiplier 
will be 8-3 instead of 62-3. 

Table of the Power Required to Raise Water from Peep Wells. 



Diameter of 
pump barrel. 



Inch. 

2 

2>^ 

3 

zVz 

4 



^ 



13 



•2 § 

® 

g«4-t 



; 3 



!■' 



Gallons. 

225 

360 
520 
700 
900 



Maximum depth from which this quan- 
tity can be raised by each imit of 
power. 



One man 

turning a 

crank. 



Feet. 
80 
50 
35 
25 
20 



One 

donkey 

working a 

gin. 



Feet. 

160 

100 

70 

50- 

40 



One horse 

working 

agin. 



Feet. 
560 
350 
245 
175 
140 



One 

horse- 
power 
steam 
engine 



Feet. 
880 
550 
385 
275 
220 
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The problem of raising water was the fii'st one of a mechani- Primitive 
cal or engineering character which mankind was called upon to raising water, 
solve. The most barbarous races as well as the civilized are 
alike compelled to draw water. The means used may be simple 
or complex, but the necessity is equal in both cases and, in not 
a few instances, the mechanism is identical. The question of 
how to raise water is not only the most important but the most 
frequently recurring of all the mechanical problems which the 
modem engineer has to solve, and, unlike most other engineering 
problems, this is a question which personally concerns every indi- 
vidual of the community. The earliest device for the purpose 
was probably an earthen pot or a bag of skin attached to a cord 
and let down to the spring or into the well. 

The shadoof, or common well sweep, seems to have been the Eariy forms 

^ of pumps, &c 

next step, and from drawings found in Egypt it is proved that 
this device is at least 3000 years old, and. probably even older. 
Of simple forms of water-raising contrivances, such as flutter 
wheels, chain pumps, Persian wheels — having a number of pots 
upon a rope or chain — and the simple suction pump, it may be 
safely said that there is little, if anything, new for the last 
thousand years or more, modern progress consisting chiefly in 
improvement in workmanship, better materials and a greater 
attention to the details. 

Very early in the history of the world animal power was used Motive power 
to assist in the raising of water, and tread wheels, horizontal 
winding drums and the direct attachment of animals to the 
bucket rope, which was led over a pulley, were some of the 
more common means used. ThB plumber, in dealing with the 
question of water raising, has usually to depend upon manual 
labor or upon some motor, as wind, steam or hot-air engines. 
Animal power is rarely employed, because a 'i horse-power " or 
similar machine for utilizing the force of animals usually costs 
more than a small steam engine or other prime mover of equal 
power. 

Men taken at an average are equal to the production of one- Hand power. 
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fifth of a horse-power for ten hours per day. A strong man 
has, for a few minutes at a time, exerted a force equal to more 
than half a horse-power, lifting a weight of 18,000 pounds one 

A man's work foot high in a minute, but tliis could not be kept up. In esti- 
in pumping, ^^^^j^g the quantity of water required to be raised, a man's 
power can be estimated as equal to the raising of 5000 pounds 
one foot high per minute. In putting in a pump to be worked 
by hand, a mistake is often made in choosing one in which the 
leverage is so large that the hand does not have a perceptible 
resistance, and is obliged to travel over a very, great distance to 
do the work. The books give a resistance of 30 pounds and a 
speed of 2^ feet per second as the greatest rate of speed at 
which work can be kept up. The weight, I should judge, was 
about right, but it seems to me that the speed is much greater 
than can be conveniently maintained in pumping. I should 
think that a double 18-inch stroke would be much nearer a 
practicable rate. That is 3 feet per second, but only half of the 
time performing work. 

size of pump When a man has to work a pump for a short lift, we see no 

barrels. . ' ^ ' 

objection to the use of a good-sized barrel so as to obtain a fair 
amount of resistance. This reduces the time necessary for 
pumping a given quantity of water, though it makes the work 
a little harder. Where a pump has to be used by women and 
children, especially if the whole distance through which the 
water is carried is considerable, a pump which works easily is 

Leverage, absolutely ueccssary. In such cases a pump with a long lever- 
age and a comparatively small bore must be selected. For a 
well or cistern from which a great deal of water is to be drawn 
by different persons — as, for instance, one by which a large 
school is supplied — it is necessary that the pump should deliver 
a large quantity of water at each stroke. No one individual 
pumps more than one or two pailfuls at a time, and it makes 
little difference whether the whole force is expended in two or 

Economy three strokes or in seven or eight. It makes a vast saving 
power. .^ i[j^Q^ however, when the pail is filled in two strokes. In 
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setting up a pump that delivers a great quantity of water at 
eacli stroke, care should be taken to have a large nozzle and a 
free water-way, otherwise the sti-eam will be too violent and 
spatter and splash. This is a very common fault with many 
pumps when they are worked rapidly. 

The distance to which water can be raised by the common Hign to 
lifting pump varies with the bight above the sea level and also ^n beTaisea 
with the pressure of the atmosphere. At the sea level the p^e^^pres- 
eolumn of water that the atmosphere will support is about 33 ™'^®' 
feet in hight, and a pump will draw water, as it is called, this 
distance; but it must be remembered that the force which 
sends the water into the pump at this hight is so small as to be 
almost balanced by the weight of the water ; hence a lifting 
pump would deliver water very slowly drawing it this distance. 
The nearer the pump barrel is to the surface of the water, the 
more rapidly the pressure of the atmosphere forces the water 
through the suction pipe. Hence many pump makers, in put- 
ting up a pipe, never put it further than 25 feet from the water 
level. This sends the water to the pump with a force nearly 
equal to a head of 7 or 8 feet. "Where a greater distance is una- vacuum 
voidable — as, for example, where the suction pipe must be very '=''*™''«''^- 
long and the pump has a large bore and is worked rapidly — a 
vacuum chamber is very valuable in preventing the water from 
" breaking " in the pipe. "With pitcher and other pumps hav- 
ing veiy large cylinders, the suction pipe can rarely be made 
large enough to supply the pump, and when working fast there 
is a loss both of power and capacity. My experience with 
pumps leads me to think that a vacuum chamber is very desira- 
ble at any time. I have seen a pump of, say, 2 or 2^ inch bore 
supplied through a long half-inch pipe fitted with a vacuum 
chamber, and found that by the most rapid pumping it was 
almost impossible to " break " the water in the suction pipe. 

In putting up pumps plumbers frequently pay too little atten- setting up. 
tion to details. "When a pump is ordered care should be t^ken p"^'^- 
to obtain one suitable for the work to be done, neither too 
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large nor too small, and the connections should by all means be 
properly made. Not long since a boiler pump was returned to 
a manufacturer because it would not work, and on examination 
it was found that the suction pipe had been put on to the de- 
livery opening and the delivery pipe on the suction. It was of 
course little wonder that the engineer could not get his boiler 
full of water. It often happens that a house pump is put up 
in such a way that the water cannot be made to run down. 
This may happen through accident or design. Where, on the 
approach of cold weather, the plumber carelessly leaves the 
house pump in such a condition that the water cannot be 
made to run out of the pipe, he should be held responsible for 
the damage resulting. Such carelessness should always be dis- 
countenanced, as it brings the trade into bad repute. 
■Wooden Until within a few years the form of pump in common use 

pumps. 

consisted of a single log of wood bored out and provided with 
a spear, two valves and a spout. The bark was removed, but 
there was seldom any attempt to shape the log or reduce its 
size, unless, perhaps, around the top. The objection to this 
form of pump was found in the fact that the wood decayed and 
the inside of the pump barrel disintegrated. The surface of 
the wood also became slimy, and after a few years' use the 
water would be found charged with particles of wood fiber and 
fungoid growths. Their durability was sarprising, however, 
and in spite of the objections named, water was delivered by 
them in very pure condition — at least until the pumps had be- 
come old. The selection of the log determined in a great 
degree the life of the pump. But while in some respects 
admirably adapted to outdoor wells of moderate depth, they 
were not efficient in delivering water from wells of 60 feet or 
more in depth, as the power required to work them was out of 
all proportion to the amount of water raised. The reason for 
this was the necessarily large size of the bore and consequent 
heavy load always on the plunger. "While still in limited use, 
however, wooden pumps of this kind have been to a great 
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extent superseded by lighter and cheaper ones made by ma- 
chinery. 

Following the primitive form of wood pump came the chain cham pumps. 
pump, which was also adapted to raising water from wells of 
moderate depth. This, although one of the oldest forms of 
pumps known, has come into use in this country within twenty 
yeare. It is very cheap, simple, durable, and will rarely freeze 
in the coldest climate. A chain pump will raise water with 
great rapidity — faster, perhaps, from wells of moderate depth 
than any other mechanical device in use. In deep wells, how- 
ever, the labor of raising water by the chain pump is very 
severe, as there is a long column of water to be supported and 
the leakage is considerable. The waste of power increases 
as the tubing wears, giving the chain free play from side to 
side. The only really objectionable feature of this pump is the 
zinc coating which it is commonly considered necessary to give 
the chain. The chances of zinc poisoning from this cause are 
very small, but I have heard of instances in which zinc poison- 
ing has been traced to it and proved by crucial tests. 

Since the day of- the chain pump the iron pump has come iron pumps, 
into more general use than any other device for lifting water. 
What is commonly known as the cistern pump is made by all cistem 
pump manufacturers and has become standard. In their gen- 
eral features all pumps of this class are alike, consisting of a 
cast-iron cylinder with spout, and base for securing it to the plat- 
form upon which it stands ; a brake and its fulcrum, or stand ; 
a piston, piston rod and valves. These pumps are in use in 
nearly all parts of the world, and have been for some years an 
important article of export. In this country they are used by 
the million, and, all things considered, they are the cheapest, 
most durable and most efficient hand pumps ever made. In 
these pumps the diameter of bore ranges from 2 to 3^ inches, 
increasing by quarters of an inch. The pipes used with them 
are from | inch to 2^ inches, and may be of any kind known 
to the trade. The following table shows the average efficiency 
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Duty of da- of good puiiips of this pattern, Worked moderately with one 

tern pumps, . ^ 

hand: 

Diameter of bore. Gallons per minute. 

2 inch 6 

2i " 8 

2i " 12 

2f " 15 

3 " 22 

3i " 26 

3i " 30 

Proper sizes The size of pipes used with pumps of this class should he de- 
termined with reference to the hight to which the water has to 
be rasied. The following table will be useful to those who put 
in pumps and make the connections : 

Size of bore. Size of pipe. 

2 inch. For any ordinary hight f inch. 

,, j Under 18 feet | " 

* (Over 18 feet 1 " 

J ,j j Under 18 feet 1 " 

* I Over 18 feet IJ " 

,, (Under 18 feet IJ « 

* I Over 18 feet 1^ " 

g ,, (Under 18 feet 1^ " 

I Over 18 feet If « 

gi ,, (Under 18 feet If " 

I Over 18 feet 2 " 

„i ,, ( Under 18 feet. 2 " 

I Over 18 feet 2^ " 

Pumps of this class weigh from 15 to about 50 pounds each. 
Leather valves and packing are commonly used, but brass valves 
can be had from the makers when hot water is to be pumped. 
Durability Properly cared for, these pumps will wear for an indefinite 
"'pumps! period. Various parts may get out of order, and persons inex- 
perienced in such matters are apt to think that a new pump is 
needed. Commonly this is a mistake. Pumps of this class are 
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made on the system of interchangeability of parts, and any part 
which wears out or breaks can be replaced at small cost. The 
most expensive part of a small size of this style of pump — the 
cylinder — costs less than half the price of a new pump, and 
$1'50 will replace all the parts likely to wear out in many years' 
service. A few cents spent on new leathers as often as may be Hepairs.' 
necessary, and an occasional tightening of screws and nuts, will 
extend the life of such a pump indefinitely. If a pump " runs 
down " when left standing for a few minutes and water must 
be poured into the barrel to make the piston suck, it needs 
attention. The repairs necessary to correct these defects are 
easily made, but if neglected the pump will rapidly wear out. 

For outdoor work iron pumps are rapidly superseding other iron pumps 
kinds. One of the prime essentials for an outdoor pump is that work, 
the brake shall be long enough and the barrel high enough, so 
that it may be worked by a person of common hight, standing. 
"When the barrel of the pump is above ground, however, there precautions 
was always danger of freezing in cold weather, and the first "^^ "^ 
great improvement in this class of pumps consisted in sinking 
the working parts below the surface. Up to that time pumps 
of this class had been of the ordinary suction-pump pattern, the 
water fiowing immediately from the piston out of the spout. 
We now have three classes of these pumps — ^lift, lift and suc- 
tion, and suction and force. In the lift pump the barrel and uft pumps, 
lower valve are carried down below the surface of the water, 
the upward stroke of the piston carrying up the water raised 
without the aid of atmospheric pressure. This form of pump 
is much used, especially in driven wells. The working parts 
are perfectly protected from frost ; they are simple and strong, 
and may be removed without trouble. The lower cylinder is 
made very compact in form, so as to go into the bore of a driven 
well, and is commonly provided with a strainer of some sort, 
which is screwed upon the end. When the cylinder is not long 
enough to reach the water level, a length of suction pipe is 

attached, and the pump then sucks as well as lifts. The capacity 
16 
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of sucli a pump is about the same as that of a cistern pump of 
the same diameter lifting water the same distance, ranging 
from 8 to 26 gallons per minute. In the more perfect form 
it is so arranged as to allow the water to run back when de- 
sired, to prevent freezing; the brake-stand swivels so as to 
make it either a right-hand or a left-hand pump, and by adding 
to the wrought-iron set-length and piston rod, it is adapted for 
use in wells of almost any depth. When the well is very deep, 
however, it may be necessary to increase the leverage by 
lengthening the brake, and to counterbalance the added weight 
we have the greater weight of the piston rod and column of 
strainers, water. It is frequently an advantage in deep wells to use a 
strainer provided with an iron rest, which projects far enough 
to be firmly imbedded in the earth at the bottom of the well. 
Braces for This holds the pipe steady and aids in supporting it. Pipes in 
' deep wells should be well braced, as the jarring and hammering 
of the brake is usually great enough to rack a long line of pipe, 
loosen the connections and necessitate frequent repairs. In 
light, sandy soil, cisterns, dug wells, and in any situation where 
there is danger of drawing dirt into the pipe, and where there 
"Mttshroom" is room enough to use a large strainer, the so-called " Mush- 

stralners. , , _ _,_ , . . « 

room " stramer presents many advantages. Ihis stramer is of 
the saucer shape and the water enters it at the top, while that 
which runs back from the barrel when the valve is tripped 
flows out of the strainer in an upward direction, thus prevent- 
ing the roiling of the water by stirring up the mud and sand 
on the bottom. 
Lift and The lift and force pump differs from the lift and the suction 

force pumps. 

and lift pumps in an arrangement of parts by which the water 
is ejected from the cylinder under pressure great enough to 
carry it beyond the point at which power is applied. As 
adapted to ordinary work, force pumps are always piston pumps, 
arranged with an air chamber to equalize the pressure and 
afEord a constant stream instead of an intermittent one, which, 
by its action, might seriously strain the pipe. The force pump 
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is the one wliicL. in cities is most frequently used, since it is not 
only able to lift water above tbe point at wliich power is ap- 
plied, but to send it in any direction and to almost any distance. 
It is largely used for raising water to tanks on the upper 
floors of houses supplied from mains in which the pressure is 
not great enough to give the required head. These pumps 
usiiaUy require more power for a given lift than any other, 
owing to the greater friction of parts. There are one or two 
hand-force pumps, however, in which the internal friction is 
but little, if any, greater than in the most efficient lift pumps. 
The efficiency of the best of these pumps, provided with an air Effleiency. 
chamber and worked with sufficient power, may be averaged as 
follows : 

Size of bore. Size of pipe. Gallons per minute. 

2 inch f inch 6 

2i " I " 9 

2i " 1 " 12 

2f « li " 15 

3 " li " 22 

3i " 2 " 30 

The efficiency of a pump without a vacuum chamber will be Power 
somewhat less than this, as it might be found difficult under 
certain circumstances to work the pump to its capacity. The 
power necessary to obtain this efficiency depends, of course, 
upon the hight to which the water has to be forced, as well as 
the distance. "When one of the larger sizes is employed for 
raising water to a great hight, one man would probably be 
unable to work the pump to its capacity. The force pumps of 
all leading manufacturers are able to do this amount of work. 
The amount of power required, of course, depends upon cir- 
cumstances. When the pump is continually supplied with all 
the water it can take, the amount of power required will be at 
a minimum, and the pump wiU be able to work up to its full 
capacity. A vacuum chamber on a small suction pipe is almost vacuum 
a necessity, because it frequently happens, in a city, that the ° "^ *"' 



244 nTDEATJLICS OF PLUMBING. 

small head of water in the street mains, and the small pipe 
used to bring water, prevent a sufficient supply from reaching 
the pump, and consequently the pump does not do half the 
work of which it is theoretically capable. The addition of a 
vacuum chamber below the pimip keeps a constant stream flow- 
ing to the pump, and at the same time acts as a reservoir from 
Primors. which the pump may draw a supply at each stroke. The ordi- 
nary water charger or primer used on common suction pumps 
answers this purpose, and adds greatly both to the ease and the 
capacity of a force pump under the circumstances named. 
Their cost is small, but their utility is very great and will 
repay the expense and trouble of applying them. 
Pumps for In city houses the pump most used for raising water is a side 
' pump mounted on a plank. These pumps are often sold un- 
mounted. They are very convenient to fasten to the side of a 
building or partition, as they have side ears, while the suction 
pipe and lower connection can be got at without disturbing the 
pump. The brake is usually arranged so as to be right or left 
hand as may be desired. The parts are commonly all brass. 
Sizes vary from the small 2^-inch bore, with a capacity of 12 
gallons per minute, up to 4J-inch bore, capable of delivering 
Double-acting 50 gallous per miuutc. When a steady and constant stream of 
force pumps, water is required to be forced up, and a rapid supply needed, a 
double acting suction and force pump is used. The pumps 
deliver water at both upward and downward strokes. A pump 
with 2J-inch bore will deliver about 16 gallons per minute ; 
with a 2J-inch bore, 24 gallons; Scinch bore, 52 gallons; 
4i-inch bore, 100 gallons per minute. Such pumps, when fur- 
nished with an air chamber and hose, are very effective for 
throwing a stream of water either for fire purposes or for wash- 
ing windows and carriages and sprinkling walks. The larger 
sizes are very heavy and require so much power that a power 
pump would in many cases be preferable. In putting up 
pumps of this class large pipes are absolutely necessary, since 
the waste of power in forcing through small pipes the large 
quantity of water they deliver, is enormous. 
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When as large a quantity of water as these pumps will throw 
is to be raised by hand-power, some form of pump with a 
double brake is commonly used, so that two men can work at 
the same time. 

In this country hand pumps ai'e made in almost unlimited variety ot 

IT hand pumps. 

variety. Our manufacturers have brought the business to a 
high standard of excellence, and in no country of the world 
are pumps made which are so cheap and efficient as ours. The 
illustrated catalogues of our leading pump manufacturers are 
so full of exact and specific information that no one who has a 
correct idea of the work to be done need make a mistake in 
choosing a pump that will do it. 

There is scarcely any work which the laboring man is called tub labor of 
upon to do which is more irksome than that of pumping when ''"™^ 
the labor is to be long continued or when the quantity of water 
is large. On this account it is always desirable to employ 
power for pumping where that is possible. In country towns 
lioi"se-power is frequently available for this work, the so-called 
" horse-powers," either double or single, being readily arranged 
to drive a pump. These are not, however, sufficiently common 
or cheap enough to be very generally available. The best 
power for driving small pumps, in locations where it can be 
used, seems to be wind. A small windmill, working, as it 
does, for a good proportion of the time, is a much more reliable 
power than is generally believed. 

"Wind was one of the first sources of power utilized by man. wind power. 
In Holland, windmills have for a very long period furnished 
power for grinding, pumping and draining, and in tliat country 
the windmill of lai'go size has been brought to a degree of per- 
fection of which we have little idea. Mills of very large size 
and great power are used, and for a long time were able to com- 
pete with steam engines as sources of power, even when a Con- 
siderable amount was needed. Now, however, the steam engine 
furnislies power, where a great deal is needed, as cheaply as a 
windmill. The reason for this is that the large mills cost a 
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great deal of money; indeed mills costing from $10,000 to 
$20,000 ai-e not unfrequently met with. These require even 
more attention than an engine of tlie same power, and do not 
work continuously. For small powei"s, however, they have a 
great many advantages, especially when they are to be employed 
at such work as tliat of water raising, 
windmiiia. A good windmiU will head itself to the wind from any direc- 
tion without attention. It governs its own speed, not increasing 
above what is desired, even in a heavy gale. It can work con- 
stantly day and night as long as there is wind. To be durable 
it must be well built and furnished with self-oiling boxes. It 
is important to have it noiseless in its action, especially if it is 
to be located near a dwelling. It is not worth while for any 
one to attempt to build a windmill, as a much better machine 
can be bought for less money than it would cost to make one. 
These mills are usually regulated by an adjustment of the sails 
or vanes. In the large mills in Holland the canvas which covers 
the arms is taken in when the wind blows hard, more and more 
being removed as the force of the wind increases. In this 
country it is found better to turn the slats or vanes so that the 
wind has less efEect upon them. One of the best means of do- 
ing this seems to be to turn the slats edgewise toward the wind, 
the slats being arranged in frames for this purpose. 

mmtyof In the "Western States, in level countries, on the tops of lofty 
windmius. -j^.^^ ^^^ aloug the seacoast, windmills do more work than in 
sheltered places among hills or in a well-wooded country. 
Thus in Kansas, California or Texas a windmill will do double 
the work it will in Central JSTew York. The stronger and 
more continuous the wind, the more power will be obtained, 
and a wind blowing 50 feet per second will give fo\ir times the 
power of a wind at 25 feet per second. 

Location. In locating a windmill care should be taken to set it in as 
exposed a situation as possible. This is usually done by placing 
the mill upon the top of a building on a framework erected 
for the purpose, and generally directly over the spring or well 
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from which water is to be taken. There are windmill pumps, 
however, which work at a distance from the mill. In this case 
both mill and pump can be located in tlie places best adapted to 
them. 
The following table shows the average power of windmills Pumpins 

£ j.jj! ^ . powerof 

01 diflerent sizes : windmius. 

9 feet mill from 1 man to ^ horse-power. 
12 " " 2 men to l^ " 

17 " " 4 men to 3 " 

25 " « 1 horse to 6 " 

40 '• " 10 horse to 20 " 

Best Diet/meters for Pvmps. 



Diameter of 
Windiuill, 



8 feet. 

9 " • 
10 " . 
12 " . 

14 " . 

17 

25 



n 



Elevation in Feet. 



5 
6 

8 
9 

12 

15 



15 



4 

S- 
7 
8 

10 

13 



4 

4J^ 

6 

7 
9 

12 



25 



3K 

4 
5 
6 
8 

10 



30 40 



2}i 
3K 
3X 

5 
7 
9 



3 

3X 
3;^ 
4 

6 



50 



2^ 
3 

3jii: 

5 
7 



60 



2X 

2^ 

3 

3^ 

4X 

4^ 

6 



80 



2 

2X 
2^ 

3X 
4 

4)^ 
5>^ 



2 

2X 

3 

3>^ 

4 

5 



125 



2 

2;^ 
3 

3>^ 
4>^ 



150 

^/* Diameter 
l|^ of pumps 

2 

iVz 

3 

4 



The stroke of the pump is assumed to be from 4 to 6 inches ; 
but many mills are so arranged as to allow a variation of the 
length of stroke according to the force of the wind and amount 
of work done. 

The speed at which mills can be driven varies, of course, speed, 
with the speed of the wind and the load. The following is an 
approximate statement of the number of revolutions per min- 
ute. Above these velocities the regulators begin to act to pre- 
vent any increase : 

Diameter, Bevolutiona 

Feet. per minute. 

8 75 

9 60 to 70 
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Diameter. Eevolutions. 

Feet. per minute. 

10 60 to 65 

12 50 to 60 

14 45 to 50 

17 35 to 45 

25 20 to 30 

40 12 to 15 

Construction. The Smaller sizes of mills are set upon cast-iron columns or 
timber frames. The larger sizes are usually placed on the top 
of rectangular towers formed of four strong timbers set 
inclining toward each other, and strongly braced to make the 
whole firm. "Where large sizes are necessary, the manufacturers 
furnish drawings and specifications showing how the framing, 
&c., must be set up. In this case the manufacturer needs to 
know the depth of the well or spring below the surface of the 
ground ; the least depth of water ever known in it ; the 
hight above the platform of the well to where the water is dis- 
charged ; the lateral or side distance (if any) from the supply 
Adaptation to the place where the water is to discharge ; the amount or 

of windmills . „ i «i.i. 

to conditions, quantity of water wanted, or at least the purpose for which it 
is to be used ; also the extent or quantity of water afforded by 
the supply or source ; and the hight at which the miU must be 
erected to secure a free current of air. In case of a bored or 
driven well, he should know the diameter. 

There are windmills in New York, built a number of years 
ago, which pump water into tanks on the tops of lofty build- 
ings at a merely nominal cost — in one case the repairs for some 
five or six years amounting to but few dollars — the cost for 
pumping being practically only the interest on the first outlay. 
Cost The prices range from $16 to $80, for the smallest sizes, to 
something like $2000 for the 40-feet mills. In places where 
fuel is very costly, it may at times be economical to employ 
stiU larger mills, especially if it is a place where strong winds 
prevail. 

In Hingham, Mass., a 9-foot windmill was erected several 
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years ago which lifts water 50 feet above the pump and forces Examniea 
it 450 feet through an inch pipe. A mill 9 or 10 feet in diam- wiudmiu 
eter, when well constructed, seems in most locations to be amply """''"• 
able to lift and force water to an elevation of 60 feet, and sup- 
ply it in sufficient quantity for a large house with bath rooms, 
water-closets and the like. In some places windmills have been 
used for the purpose of drainage. The following is the de- 
scription of one used for draining after the Dutch plan ; it 
serves to show the power of a comparatively small windmill : 
The tower is 27 feet high, with a building 22x24 and 14 feet 
high, used as a house for a family. The whole is built on piles 
driven into the soft ground. The mill, 25 feet in diameter, 
drives a baling wheel 11 feet in diameter, 17 inches face, placed 
in a large wooden box or receiver to which the drains lead. 
The water is lifted 6 feet, and in an ordinary wind, when the 
baling wheel makes four to five revolutions per minute, it 
raises and discharges 1920 to 2400 gallons per minute, and in a 
strong wind, at seven revolutions, 3360 gallons, or 84 barrels 
per minute. 

In one instance of which I know, a small windmill takes 
water 550 feet distant from the house and raises it with ease to 
an elevation of 65 feet. During a stiff breeze it has pumped 
600 gallons in an hour. There are very few days in which the 
mill cannot work at least some part of the day, and by having 
ample tank room the supply is always sufficient for lavish use. 

In closing these remarks upon windmills, I cannot do better 
than present the following extract from an article upon the 
subject in the American Agriculimrist : " A few years ago Mechanical 
a windmill was an unusual sight in this country, except in the wtadpower? 
very oldest portions. "We were not a sufficiently settled people, 
and did not remain long enough in one place to make it profit- 
able to build such substantial mills as have been so long in use 
in other countries ; we needed cheaper and more quickly con- 
structed mills. Those which we could then procure were not 
satisfactory ; they were slightly built, and were not able to take 
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care of themselves when the breeze became a gale or a hurri- 
cane. Kecently our mechanics have turned their attention to 
wind engines, and great improvements have been made in their 
construction. We have now a choice of several kinds of them, 
all of them useful, but differing chiefly in their degree of 
adaptation to varying circumstances. At the recent Illinois State 
Fair there were no less than thirteen different wind engines on 
exhibition, from the small one, 8 feet in diameter, costing but 
$100, of but half a horse-power, and fitted for pumping stock 
water or churning, to those of 30 or 40 horse-power, costing 
$3000, and able to run a grist mill or a woolen factory. Be- 
tween these extremes there are a number of mills capable of 
adaptation to almost every purpose for which power is needed 
norse-power on the farm or in the workshop. A mill 22 feet in diameter, 
engines costing about $500, has a power of five horses ; a two horse- 
power mill is about 16 feet in diameter, and costs about $325. 
The cost is less than that of a steam engine, and a wind engine 
needs neither fuel nor skilled attendance. Neither is there 
danger of fire or explosion from accident or carelessness. The 
wind engines are now made self-regulating, and in a sudden 
storm close themselves. They are also made to change their 
position as the wind changes, facing the wind at all times. On 
the "Western prairies, and almost everywhere, except in shel- 
tered valleys in the East, we have wind enough and to spare, 
which offers to us a power that is practically incalculable and 
illimitable, and the means of utilizing this power is cheaply 
given to us in the numerous excellent wind engines now manu- 
factured. In fact, so cheaply can these mills be procured, that 
it will not pay for any person to spend his time in making one 
although he may be a sufficiently good mechanic to do it." 
Pumping In a great many locations where power has to be employed 
y steam. ^^ j,g^j[gijjg -^^ratcr, steam is the only power which can be conven- 
iently applied. It is suitable for almost any situation, is easily 
managed, is generally understood by mechanics, and presents 
no difficulties not easily overcome. Its universal adaptability 



HYDRAULICS OF PLUMBING. 251 

and the immense demand for steam-driyen pumps lias turned 
the attention of engineers and capitalists in this direction, and 
at the present time the manufacture of steam pumps and their 
accessories is one of the largest industries in the country. It is James watt, 
interesting to note the fact that James Watt, the so-called 
father of the steam engine, was really a steam pump man, all 
his engines for a great many years being devoted entirely to 
the pumping of water out of mines. The application of the 
steam engine to the furnishing of power for other purposes was 
done by other persons while Watt was busy with pumps. The steam pumps, 
manufacturer of to-day has so simplified and cheapened the 
steam pump that, while its cost is very small, its management 
is so simple that it may almost be said to be perfectly automatic. 
The chief item of cost, and the portion of the apparatus requir- 
ing the most attention and care, is the boiler. In cases where 
steam for heating is employed, a steam pump can be used with- 
out any additional trouble. Many people fear to use steam 
boilers on account of the supposed danger attending them and 
an idea that the insurance will be increased by them. There 
are a great number of boilers in the market which can be used 
in insured buildings, the companies considering them no more 
dangerous than a coal stove. 

I have in mind one among the many excellent steam pumps a steam 
for light duty which may be taken as an illustration of the best ugSt'duty. 
machines of its kind in use. The pump is 2 inches in diameter 
and six inches stroke. The steam cylinder has the same length 
of stroke, and is 5^ inches in diameter. The pump discharges 
•08 of a gallon of water at each stroke, and when running at 
an ordinary rate of speed makes 100 strokes and delivers 8 
gallons of water per minute. It can with ease be run up to 
a speed of 150 strokes, when it would deliver 12 gallons per 
minute. The pump will run even faster than this, but it would capacity 
not be advisable to keep it running steadily at a higher speed, 
because the wear and tear would become too great. The boiler, 
which consists of a coil of steam pipe inclosed in a suitable 



252 IITDEAULIC8 OF PLTJMBING. 

case, is perfectly safe against explosion. The ordinary pressure 
carried is from 5 to 30 pounds per square inch, while the boiler 
is tested to 300 pounds per square inch. With Y pounds pres- 
sure in the boiler the pump will force water 50 feet high. In 
such cases the boiler is fed from the tank, the pressure being 
sufficiently great to force the water into it against the pressure 

Bouer. of the steam. The boiler and pump form an arrangement com- 
plete in itself, and may be used for warming as well as pump- 
ing, the boilers in such cases being made larger to suit the ser- 
vice required of them. An indicator or steam gauge is attached 
which shows the pressure, and there is a safety-valve by which 
the pressure is prevented from rising above the desired point. 

Pump. The pump is so arranged that it is always ready to start as soon 
as there is steam pressure in the boiler, provided, of course, the 
steam valve is left open. The amount of coal required to run 
Coal con- one of these pumps is very small. It is stated on good authority 
' that 30 pounds of coal will run one 8 hours, discharging 13 gal- 
lons of water per minute 95 feet high, or a little more than 6200 
gallons of water raised 65 feet high at a cost of, say, 10 cents. 
Economy. The cost for pimiping the same amount by hand would be at 
least $1-50, and j)erhaps more. One of these pumps and boilers 
is calculated to furnish all the water required by 12 families, yet 
they are capable of doing much more. In a French apartment 
house in New York one of these pumps and boilers is supply- 
ing 24 families with water. It is in this case, however, some- 
what overtasked, and the supply at times is a little scant. 
Duty. With a pressure of 12 pounds per square inch, pumping TO 
feet high, one of these pumps has run continuously at 150 
strokes per minute, delivering upward of YOO gallons per hour. 

Details. When less water, is needed the pump can be run slower and the 
consumption of coal will be proportionately less. The princi- 
pal parts of the pump are brass, for the purpose of preventing 
con-osion. The steam pipe is half inch in diameter and the 
exhaust three-quarters. The discharge pipe is 1 inch ; suction, 
1^ inch. The boiler is but 3 feet high and takes up a space 
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2 feet in diameter. In case of the grossest neglect possible, the 
only damage which could be done to the boiler by cutting off 
tlie supply would be to rupture one of the pipes of which it is 
made, and so allow steam and water to escape and put out the 
lire. 

Another pump for a similar purpose, but constructed on an An automatic 

iT(v 11 11 • 111 steam pump. 

entu-ely dmerent plan, has recently been attracting a good deal 
of attention. Gas or kerosene is the fuel used. It is not 
of the direct-acting kind, like that just described, but has an 
oscillating cylinder which drives after the ordinary manner a 
shaft to which the pump is attached. This machine is made 
perfectly automatic in all respects save, perhaps, that of oiling 
all its bearings. It keeps the steam pressure constant by turn- 
ing on or off the gas or kerosene as the pressure tends to vary. 
The water supply is also self-regulating, the feed pump sending 
water into the tank when it is not needed in the boiler. "When 
gas is used, five or six minutes are sufficient to get up steam. 
One of these engines will pump 10 barrels of water per hour at cost of 
a cost of about 6 cents. It only occupies about as much space as 
a flour barrel, and weighs 250 pounds. This engine possesses 
another point, sometimes of great value, and that is it can fur- 
nish power for light work, like running a turning lathe, sewing 
machine and the like. The principal objection to these pumps 
is that they are not very strong and are likely to wear out some- 
what sooner than is convenient. 

One of the most common methods of raising water by power Hydrauuo 
is by using the so-called hydraulic ram. The simplicity of oper- '*™'" 
ation of the hydraulic ram, its effectiveness and economy, 
together with the fact that it is applicable in thousands of situ- 
ations where it is now unknown, render a better knowledge of 
its operations desirable. The hydraulic ram is decidedly the 
most important and valuable apparatus yet developed in hydrau- 
lics for forcing a portion of a running stream of water to any 
elevation proportionate to the fall obtained. It is perfectly ap- -^^ere useo. 
plicable where not more than 16 inches fall can be had ; yet the 
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greater the available head the more powerful the operation of 
the machine and the higher the water may be conveyed. I 
know of a ram working near Philadelphia which, with a, head 
of 16 inches, raised 40 feet all the water needed to supply a 
conaitions of large farm. It has been in use 25 years. • The relative propor- 

cconomy and .° .!; 

efficiency tious between the water raised and wasted are dependent en- 
tirely upon the relative liight of the spring or source of supply 
above the ram and the elevation to which it is required to be 
raised — the quantity raised varying in proportion to the liight 
to which it is conveyed with a given fall. The distance which 
the water has to be conveyed and consequent length of pipe has 
also some bearing on the quantity of water raised and discharged 
by the ram, as the longer the pipe through which the water has 
to be forced by the machine the greater the friction to be over- 
come and the more power consiimed in the operation ; yet it is 
common to apply the ram for conveying the water distances of 
100 and 200 rods, and up elevations of 100 and 200 feet. Ten 
feet fall from the spring or brook to the ram is abundant for 
forcing up the water to any elevation under, say, 150 feet in 
liight above the level of the point where the ram is located ; and 
the same 10-foot fall will raise the water to a much higher point 
than that last named, although in a diminished quantity in pro- 
portion as the bight is increased. "When a sufficient volume of 
water is raised with a given fall it is not advisable to increase the 
fall, as in so doing the force with which the ram works is in- 
creased, the amount of labor which it has to perform greatly aug- 
mented, the wear and tear of the machine proportionately in- 
creased and its durability lessened ; so that economy in the ex- 
pense of keeping the ram in repair would dictate that no greater 
fall should be applied for propelling the ram than is sufficient 
to raise a requisite supply of water to the place of use. 
Calculating To enable any person to make the calculation as to what fall 
qufred^for a would be Sufficient to apply to the ram to raise a sufficient sup- 
given duty. ply. qJ -^ater to his premises, I would say that in conveying it 
an ordinary distance of, say, 50 or 60 rods, it may be safely cal- 
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cnlated that about one-seventh part of the water can be raised 
and discharged at an elevation above the ram five times as high 
as the fall which is conveyed to the ram, or one-fourteenth part 
can be raised and discharged, say, ten times as high as the fall 
applied ; and so on in proportion as the fall or rise is varied. 
Thus, if the ram be placed under a head or fall of 5 feet, of 
every Y gallons drawn from the spring one gallon may be raised 
25 feet or half a gallon 50 feet. Or with 10 feet fall applied to 
the machine, of every 14 gallons drawn from the spring one 
gallon may be raised to the hight of 100 feet above the machine. 

The following is an example of what a ram will do when Example 
properly set up and with supply and other things proportioned Ima^ty ° 
to each other. The fall from the surface of the water in the °**''^™- , 
spring is 4 feet. The quantity of water delivered every 10 min- 
utes at the house is 3^ gallons, and that discharged at the ram 25 
gallons. Thus nearly one-seventh of the water is saved. The 
perpendicular hight of the place of delivery above the ram is 19 
feet, say 15 feet above the surface of the spring. The length of 
the pipe leading from the ram to the house is 190 feet. This 
pipe has three right angles, rounded by curves. The length of 
the drive or supply pipe is 60 feet ; its inner diameter 1 inch. 
The depth of water in the spring over the drive pipe is 6 inches. 
The inner diameter of the pipe conducting the water from the 
ram to the house is three-eighths of an inch. 

It is essential that the drive or supply pipe should be on the supply pipes 
curve of quickest descent to get the full value of the head. ^'"""'^^■ 
This approximates a catenary. If on a regular grade, the bot- 
tom water runs away from the top water so to speak. 

Care should be taken to set the ram in a pit deep enough to 
protect it from frost, or else the frost should be kept out by 
boxing and packing. 

The following table gives the capacity of rams of different capacity 
sizes, together with the weights and diameters of pipes to be °* '^*™^ 
used in connection with them : 
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Quantity of water furnished 


Length of Pipe. 


CaUber of Pipes. 




per minute by the spring 








Ham. 


or brook to which the ram 










Dis- 
charge. 




is adapted. 


Drive. 


Discharge. 


Drive. 


No. 2. 


3 quarts to 2 gallons. 


25 to so feet. 


Where desired. 


^ in. 


9^ in. 


No. 3. 


j}i " " 4 " 


" " 






I *' 


K " 


No. 4. 


3 " " 7 " 


(( t 






ijf " 


K" 


No. 5. 


7 " " 14 


" 






2 * 


y." 


No. 6. 


13 " " 25 " 


" 






^^ " 


I " 


No. 7. 


20 " " 40 " 


t (( 






^H 'H " 


iK " 


No. lo. 


=5 " " 75 


(1 (( 






4 


2 " 




Weight of Pipe if of Lead. 










of 
Ham. 


Drive Pipe for any head 




Discharge Pipe for over 


or fall not exceeding 


Discharge Pipe for not 


50 and not exceeding 




10 feet. 


over 50 feet rise. 


ic» feet in bight. 


No. 2. 


6 pounds per yard. 


8 pounds per rod. 


14 pounds per rod. 


No. 3. 


8 " " 


II " 


16 


No. 4. 


10 " 


11 " 


16 


No. s. 


23 " 


20 " " 


28 " 


No. 6. 


40 " 


6 " per yard. 


8 " per yard. 


No. 7. 


40 to 45 


9 " 


II " 


No. lo. 


48 lbs. per yard c. iron. 


20 " 


23 " 



Supply and If the ram is to be placed under a greater head or fall than 
'%ipS! named in the above table, it will of course be necessary to in- 
crease the weight and strength of the drive, or supply, pipe ; 
also, if the water is to be forced to any greater hight than above 
mentioned, the discharge pipe should be proportionately in- 
creased in weight and strength. Where the water is to be 
forced to any great distance (say more than 1200 feet) it is 
preferable to use a discharge pipe of larger caliber than named 
ill the above table. 

With a given supply of water under a great fall, the ram is 
not required to be of a larger size than for the same quantity of 
water under a less fall. That is, a No. 4 ram would be of suffi- 
cient capacity for taking the water from a spring or brook fur- 
nishing 7 gallons per minute where the fall is 8 or 10 feet ; if 
there is not over 3 or 4 feet fall to the same spring or brook, 
then a No. 5 ram would be better adapted to the place. 



Size of ram 
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If the stream is a large one and a greater supply of water be working 
required than one of the large-sized machines wiU supply, it is batteries, 
better to increase the number of machines than to increase the 
size of the one in use. Several rams may be set so as to play 
into one discharge pipe, each having a separate drive pipe. 

The durability of rams under constant service is quite won- Durability 
derful. I know of one put up in Durham, Conn., in 1847, 
which had been in constant use up to the time when T last heard 
of it, in 1873. It had not cost $5 for repairs and seemed good 
for many years more. The drive pipe was 1^ inch bore, 40 feet 
long. The discharge pipe was half inch in diameter and 825 
feet long. The water was discharged 85 feet above the ram in 
a perfectly steady, continuous stream. 

There are many subjects omitted from this chapter which 
might properly be considered under the head of elementary 
hydraulics ; but as most of those which seem to me of especial 
interest in connection with plumbing work are considered more 
or less fully in other chapters, their omission here is due rather 
to design than to oversight. 
17 



CHAPTER X. 

Sanitaey Consteuction and Deainage of Cotjntey Houses. 

Health de- Health and comfort in country houses depend upon the selec- 
gooaoiainage tion of a well-drained site. If the natural drainage is not good, 
it must be artificially drained by one of the several approved 
methods, which need not be described here in detail. A loca- 
tion which cannot be drained should never be chosen, and, as 
the rule, those which are not naturally well drained are not de- 
riued lands, sirablc. This is a point which should be very carefully looked 
after, especially in the suburbs of large towns, where marsh and 
low lands have been filled in to raise them to the desired grade. 
In such cases the level of the subsoil water is likely to be dan- 
gerously near the surface. Filling in a basin, or low swamp- 
hole, does not change the level of standing water, and land 
made over such original depressions, unless exceptionally well 
underdrained, is almost certain to be an unhealthy site to build 
Under- upon. The importance of underdraining filled land was very 
ra nage. g|.j,j]jjjjg|y illustrated during the epidemic of cerebro-spinal 
ceiebro meningitis in New York during 1872. In the early months of 
gitisinN.Y, the epidemic, and before the disease spread throughout the 
more densely populated districts of the city, it was found that 
in a majority of instances the spread of the infection was along 
the lines of the old water-courses, long ago filled in and forgot- 
ten, clearly showing that the filling up of natural springs and 
water-courses without providing for the thorough drainage of 
the soil, is dangerous to public health. Onr civil engineers are 
beginning to understand this better than they did a few years 
ago, and we are likely to have fewer mistakes of this kind in 
the future than in the past. 
stagnant Surrouudlngs should also be looked after. Stagnant water 
^^ "' should not be allowed to remain anywhere in the neighborhood. 
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Bunning water rarely remains impure for any length of time, 
as its organic impurities are gradually oxidized and enter into 
combinations whieli render them harmless; but when water 
stands, as in ponds without outlets, in undrained swamps, &c., 
it is a fruitful source of malaria. The early morning is the Morains 
best time in which to choose a site for a country house— sup- 
posing, of course, that the i^erson proposing to build is in a 
position to select an eligible location. If one place is covered 
with afog, while other places are free from it, tlie choice should 
lie in favor of the latter. The presence of such a fog, or even 
a thin, opalescent mist, indicates wet ground; and although 
there may be no appearance of standing water on the surface, 
the source of the excessive moisture in the air will be found 
lender the surface, if sought. 

The subject of land drainage has a literature of its own Land 
which is so complete that I need not extend the scope of this ' °*^*' 
volume to include it. Those interested in the subject can find 
several cheap and excellent manuals on land drainage on the 
shelves of any general bookseller, and the most that I can 
attempt in this place is to urge the importance of the subject 
upon all into whose hands this work may pass. The almost Pever and 
universal prevalence of fever and ague attests the need of more 
thorough drainage of districts in which the value of land is 
great enough to justify the expenditures needed. There is 
scarcely a place within forty miles of New York that is free 
from intermittent and "worse fevers, and not one that I have' 
seen which could not be made healthful if the proper means 
were taken to drain the soil. To secure good results the drain- 
age of a populous district must be undertaken as a public work ; 
but so general is the indifference still , manifested to sanitary 
reform, that it is always difficult to secure the popular consent 
to the levying of a tax for any such purpose. "We shall be wiser 
in these matters a generation hence. 

The plan of a house and the direction in which it fronts are Hauandposs- 
not always matters to be determined by the preferences of the tiy house. 
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owner. When practicable, however, as is generally the case in 
isolated country houses, it is desirable to give as many of the 
living and sleeping rooms as possiljlo the benefit of abundant 
sunlight. This is usually best secured by giving them a south- 
Too much ern exposure. Broad piazzas, heavy vines trained upon trel- 
suable. Jiscs, and overhanging shade trees are very attractive and beau- 
tiful, and often comfortable during the warm days of summer ; 
but in so far as thoy exclude the sunlight and render a place 
" damp," they are bad. "We cannot aflEord to make too many 
sacrifices to secure picturesque effects, and the differences which 
the observant traveler notices between our country houses and 
those of Europe are largely due to differences of climate and 
Sunlight as other circumstances. Experience has sliown that health and 

a purlfler. » 

comfort are promoted by giving the sunlight ai fair chance to 

penetrate to every nook and corner to which it can make its 

way. It will do more than tons of disinfectants to purify and 

sweeten the environments of our dwellings. Human beings 

are as dependent upon the vitalizing and energizing power of 

sanlight as are the plants in our conservatories or the vegeta- 

shaded bles in our kitchen gardens. A house hidden in the deep 

' shadows of great trees and surrounded by broad, curved piazzas, 

always seems to me like a gloomy man with overhanging brows 

sitting in the Valley of the Shadow of Death ; and I never find 

myself in such a mansion, even in the hottest of summer 

weather, without involuntarily recalling the lines ; 
t 

" Blest power of sunBhine, genial day, 

What balm, what bliss are in thy ray I 

To feel thee is such perfect bliss 

That had the world no joy but this — 

To sit in sunshine, calm and sweet — 

It were a world too exquisite 

For man to leave it for the gloom, 

The dim, cold shadow of the tomb." 

Sunshine is rarely appreciated, though it comes to us with 
blessings woven into every ray ; and the sanitarian who should 
devote a lifetime to proclaiming its benefits would do more to 
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promote public health than any who have yet entered this wide 
field of philanthropic labor. 

It does not follow, however, as the logical sequence of what vines and 
has already been said, that the occupants of country houses 
must altogether dispense with vines and shade trees. These 
are eminently desirable in their proper places, only we must 
not let them come between lis and the sunshine. The greatest 
favor that Alexander could do the philosophic Diogenes was 
to step aside and permit the sunshine to fall into the tub which 
gave the old cynic shelter. Let us, who boast a larger knowl- 
edge and a broader and more comprehensive philosophy, be not 
less wise than the ancients in matters which concern us so 
deeply as this. Science has taught us that the sun is the source sunshine, 
of all life. All terrestrial phenomena are dependent upon 
light, heat and actinic force, and when these are excluded life 
and vigor yield to death and decay. We know how dependent 
plants and all living organisms are upon the sun, but we are 
apt to forget that we need the sunshine as much as plants and 
flowers — vastly more, indeed. 

When health is a consideration — and I do not need to say caean, dry 
that health is not always considered — the occupant of a country mat^^ceifcra' 
house should see that his cellar is clean, dry and well venti- 
lated. If possible it should be light, for we are not likely to 
have any one of the three essential conditions above mentioned 
in any place where daylight never comes. In a great many 
instances cellars are allowed to become so foul as to be a per- 
petual menace to the health of those living over them. When causes ot 
sickness comes how seldom do we look for the cause of it in the 
right place, if at all. As the rule, country cellars are damp, 
mouldy vaults, chiefly useful as places for the storage of the win- 
ter supplies of vegetables. To suggest putting provisions any- 
where else would shock a farmer's sense of propriety ; but in all 
the buildings on his farm he could not find a worse place for the 
storage of vegetables than the cellar under his house. Many of 
my readers well know what cleaning out the cellar inthe spring 



often found 
In cellars. 
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Deeoia. means, and liow ranch decayed and mouldy vegetable matter in 
" advanced stages of decomposition is usually gathered up from the 
floor. A farmer would be shocked and disgusted if it was sug- 
gested that a sheep's carcase be allowed to rot all winter in the 
cellar ; but it is a well-known fact that the danger to health from 
decaying animal matter is small compared with that resulting 
from the decay of vegetable substances. A little care expended 
in keeping the cellar clean wonld be amply repaid ; but unless 
the broom and shovel are supplemented by abundant fresh air 
and wholesome sunlight, the labor of purification Avill never be 
fully accomplished. 
Wet cellars. When from any cause a cellar is liable to be wet, either from 
the inflow of water under or through the foundations or by 
soakage through the soil, it should be drained. I have £een 
cellars which were always dry, and I have known of one in 
which cider has been kept for 20 years without turning to vine- 
gar, and a buck-saw might lie on the floor for an indefinite 
period without showing a spot of rust ; but such cellars are not 
common, and an arrangement for drainage should be provided 
in all but exceptional cases. In his excellent work on " Farm 
Drainage," published some 20 years ago and still standard, 
A New Eng- Judge Henry F. French draws the following vivid picture of 
Bpringtime. a Ncw England cellar in spring time, which is so appropriate 
to the subject we ai'e considering that I cannot resist the temp- 
tation to quote it : 

" No child whoever saw a cellar afloat during one of these 
inundations will ever outgrow the impression. You stand on 
the cellar stairs, and below is a dark waste of waters of illimita- 
ble extent. By the dim glimmer of the dip candle a scene is 
presented which furnishes a tolerable picture of chaos and old 
night, but defies all description. Empty dry casks, with cider 
barrels, wash tubs and boxes, ride triumphantly on the surface, 
while half-filled vinegar and molasses kegs, like water-logged 
ships, roll heavily below. Broken boards and planks, old hoops 
and staves, and barrel heads innumerable, are buoyant with this 
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eliange of the elements, while floating turnips and apples, with 
here and there a brilliant cabbage head, gleam in the subterra- 
nean firmament like twinkling stars, dimmed by tlie effulgence 
of the moon at her full. Magnificent among the lesser vessels 
of the fleet, like some tall admiral, rides the enormous mash- 
tub, while the astonished rats and mice ai-o splashing about at 
its base in the dark waters like sailors just washed at midnight 
from the deck by a heavy sea. 

" The lookers-on are filled with Viuious emotions. The 
farmer sees his thousand bushels of potatoes submerged and de- 
voted to speedy decay ; the good wife mourns for her diluted 
picldes and apple sauce and her drowned tirkius of butter, 
while the boys are anxious to embark, on a raft or in the tubs, 
on an excui-sion of pleasure and discovery." 

This picture, though drawn with the free haSid of caricature, 
is not greatly exaggerated. I have many times witnessed such a 
scene, and not a few of my readera will recognize it as something 
which has come within their own experience. Cellars liable wet ceiiare 

■^ _ . unsafe. 

even to excessive dampness, and especially those subject to 
inundation, are unsafe. The drainage of a cellai- can usually be 
accomplished without difiBculty by means of eai'then tiles. The 
methods will be found fully described in any good work on 
land drainage. 

A barn and its surroundings may be a perpetual nuisance or Barns and 
not, according to circumstances. Ordinarily it is clean enough 
inside, but the cattle yard is generally so foul that, except in 
unusually dry weather, one who ventures to cross it must tread 
ankle deep in filth of tlie nastiest description. A neglected pig- pig-stjes. 
stye is another horror — disgusting to look at and giving off a 
pestilent effluvium day and night, to be wafted, with the min- 
gled musk and anmionij\, odors of the barn-yai'd, into open win- 
dows and doors. Such a disregard of sanitary laws, to say 
nothing of the violation of decency involved, is without excuse, 
and its only explanation is found in the charitable supposition 
of ignorance on the part of those responsible for it. I have 
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seen bams that were as clean in themselves and all their sur- 

Manure. roundings as the houses of the people owning them. This can 

never be when manure is spread out over the barn-yard to rot 

Composting, in the open air. Everything in the way of manure, including 
weeds, fallen leaves, refuse vegetable matter, carcases of dead 
animals, kitchen garbage, animal excreta — in fact everything 
capable of fermentation and decay — should be composted and 
utilized. Not being a farmer, either scientific or practical, I 
will not venture specific recommendations as to the best and 
most economical methods of composting manure on a large 
scale for profit, but a few suggestions on this point may be of 
interest to those who, for sanitary reasons, are willing to take 
the trouble of making muck heaps for the safe and convenient 
disposition of whatever might give rise to nuisance if left to 
ferment and decay in its own way. Others are referred to the 
several able and exhaustive works on the subject, written by 
eminent scientific agriculturists, which may be had of any book- 
seller. 

The theory of The theory of composting waste organic matter is to pro- 
Wide for the decay and transformation into useful, or at least 
harmless, compounds. The means by which this can be accom- 
plished are numerous and exceedingly simple, entailing no 
expense which is not more than ofEset by the value of the 
manure made, and no trouble that is not vastly more than corn- 
Methods, pensated by the sanitary benefits attained. All that is neces- 
sary is to thoroughly intermix and cover the matter to be 
treated with any hght, dry, absorbent substance, and keep it on 
a dry bottom under cover. The substances suitable for 
covering are dry mould, peat, spent vegetable ashes, marl, 
sawdust, crushed straw and many other substances equally 
cheap and available. Sand and clay are not suitable. A 
superior material for composting may be made by mixing 
composting peat, wood ashes and dry mould. When composting is to be 
""^s^e. done on a small scale, the first treatment of the matter to be 
composted can be carried on conveniently and safely in a 
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large box or tank. This may be made the receptacle for every- 
thing suitable for transformation into manure, and when full 
the contents may be removed and piled under a shed until 
needed for use. If the person who takes the trouble to make 
a compost for sanitary purposes has no use for the manure, he 
can usually sell it to those who are intelligent enough to 
know its value for a good deal more than an equal bulk of 
stable manure will command. The reader for whom this sub- 
ject has any interest — and it is of vital importance to all who 
live in houses not drained into sewers, as well as to a large pro- 
portion of those who enjoy this doubtful advantage — should ' 
study this subject carefully with the aid of any one of the 
manuals on composting manures. To treat the subject in any 
detail would require the surrender of more space than can be 
spared in this volume. I could, moreover, add nothing of 
value to the mass of exact scientific information on this sub- 
ject compiled by careful experimenters and accessible in many 
inexpensive books and pamphlets. The practical interest which sanitair bea 
this subject has for the sanitarian is this : Any substance posting."""'" 
which, left to decay in its own way, becomes a dangerous nui- 
sance capable of exerting an influence unfavorable to health, 
may be rendered inodorous, and what is vastly more impor- 
tant, innoxious, by intimately mixing and covering it with clean, 
dry absorbent earth. No more trouble is required to do this 
than any person of refined tastes should be willing to take for 
the sake of decency and comfort. If the sanitary policing of 
a house and its surroundings is attended to from day to day, the 
labor will not be onerous nor exacting ; and when to the bene- Profit, 
fit of more healthful conditions we add the pecuniary profit of 
conserving and utilizing all waste substances which can be 
made available for fertihzing purposes, even poverty and pre- 
occupation cannot be accepted as valid excuses for the neglect 
of this important duty. 

The privy next invites our attention — ^although it cannot PHvies. 
usually be said to be an inviting object. This is commonly a 
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place 60 foul and offensive that a person not accustomed to its 

characteristic odor is prompted to avert his face and hold his 

Thetypioai nose when compelled to go near it. Yery of ten the privy is 

"backhouse." Set ou top of the ground, with nothing to prevent its becoming 
a pestilent nuisance except the action of the air in drying the 
Saturation mass of putrefactiou beneath. The soil becomes soaked by the 
' liquid constituents of the excremental matter, and each rain 
may wash some of it off toward the well or spring from which 
drinking water is taken. The very thought is sickening, and 
yet the case is by no means uncommon. In every village and 
country town such privies are the rule rather than the excep- 
tion. I have seen in a New Jersey town, in a light, porous, 
sandy soil, the privy located within 60 feet of the house and 
in close proximity to the well. 

The neglected privy is a relic of barbarism which should no 

Eartii closets, longer be tolerated in civilized communities. The earth closet, 
of which I shall speak more fully further on, should be substi- 
tuted for it; but if the privy must remain, let us respect 
health if not decency, and compost the foulness it is built 

Substitute for to Contain. There should be no such thing as a privy vault. 

privy raults. 

Under the seat there should be a box with tight joints into 
which everything could fall. The back of the building should 
be so constructed as to permit this box to be drawn out and 
emptied. A good shape for a box of this kind is to have the 
bottom slightly rounded up at one end, to which is fastened a 
stout iron ring so that a horse may be hooked fast to it and 
How to make draw it away like a stone drag. When placed in position the 
%riTy. bottom of the box should be covered to a depth of 3 or 4 
inches with dry earth, the more absorbent the better. For 
greater convenience it would be well to have the seat hinged 
so that it can be raised, giving access to the box from the top 
for its entire length. With these simple and inexpensive prep- 
arations made, it is only necessary to sprinkle a little dry earth 
Disinfection daily ovcr the contents of the box. Properly, a quart or two 
^atton^of ex- should be throwu in whenever the privy is used ; but this is not 
"®*'^*^ likely to be done unless the operation can be effected automatical- 
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ly, and few persons will incur the expense of providing a privy 
with the regular earth-closet apparatus for letting down a cer- 
tain quantity of earth upon each fresh deposit of f ascal matter. 
I recommend this arrangement for several reasons. The most 
important of these are its cheapness, simplicity and efficiency. 
I have seen excellent results secured by placing a tight cask 
under each seat, with a bottom layer of earth. In connection 
with such an arrangement there should be a box of dry earth 
in one corner of the privy, and a scoop or small shovel with 
which to throw it in. It is some trouble to keep this box 
filled and to throw earth into the receptacle, but it is am- 
ply repaid. I know of nothing more disgusting to sight and 
smell, more nauseating to the stomach or more dangerous 
to health, than a typical country privy, with its quivering, 
reeking stalagmite of excrement under each seat, resting on 
a bed of filth indescribable. I feel as if it devolved upon 
me to ask pardon of the reader for even mentioning such a 
nightmare horror ; but the writer upon such subjects must not 
stop to choose his words when attacking an evil so serious as 
this. Such privies as I have described are by no means excep-, 
tional. One may find them peering over the lilacs or hiding in 
conscious shame behind the grape arbors close beside an unfor- 
tunately large percentage of country houses occupied by people 
who, in all other matters, live decently and comfortably. 

There are several ways of composting faecal matter with dry composting 
earth, but I know of none better, simpler or less expensive 
than that I have suggested. Disinfectants may be used with Disinfectants 
advantage in connection with earth, if needed, but they are 
practically powerless, if used alone, to render harmless and 
inodorous the contents of a foul privy vault. I have tested 
this very thoroughly, and my conclusion is that a long-neglected 
privy is beyond reform by any means other than those needed 
to reform it out of existence. The best way to do this is to 
empty the vault, fill it with clean dry earth and split up the 
house for kindlings. I also know from experience that a sum- a samtair 
mer hotel privy, used daily by a large number of people, can 
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be so well taken care of that it will be as free from unpleasant 
sights and smells as the front porch. In the case in mind a 
small quantity of sifted dry earth was thrown in two or three 
times daily by a boy, and as often as necessary the boxes were 
taken away and emptied in a place where their contents could 
be made available for further service in composting with 
kitchen garbage, &c. The expense was trifling and the results 
secured were such as to satisfy the most rigid sanitarian. The 
method is attended with no difficulties, and no illustrations 
are needed to make it plain to the simplest understanding. 
Privies should But an outdoor privy, however well kept, should not be the 

depeniTence. ouly convenience of its kind provided for the occupants of 
country houses. In dry summer weather they answer the pur- 
pose well enough, perhaps ; but in wet weather, and especially 
in winter, their use involves an exposure which few constitu- 
tions are strong enough to bear witli impunity. Women are 
especial sufferers from this cause ; hence we find that in wet or 
cold weather they defer their visits to the privy until com- 
pelled by unbearable physical discomfort to brave the dangers 
and annoyances of a dash out of doors — for which, I may add, 

Irregularity they Very rarely wear sufficient clothing. The results of the 

°'ite*conse. irregularity of habit thus induced are, if possible, even worse 

quences. ^j^^jj^ thosc attending the frequent exposures incident to greater 

regularity. It is not an uncommon thing for women in the 

counti'y to allow themselves to become so constipated that days 

constipaMon and Sometimes weeks will pass between stools. Physicians 
neglect, practicing in cities, where every provision is made for comfort 
and convenience, if not health, by means of indoor water- 
closets, tell me that irregularity in attending to the require- 
ments of nature is a fruitful source of sickness among women. 
It seems to be a tendency of the sex which easily assumes the 
form of a habit. If this be so in cities, what can we expect in 
country districts, where a visit to an outdoor privy in a cold 
storm or when the ground is covered with snow and the air 
frosty is attended with a physical shock which even strong 
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men dread ? Under sucli circnmstances we can scarcely blame 
those women who, ignorant of the consequences to themselves, 
defer the performance of this important duty as long as possi- 
ble. We may more justly pity them as the victims of a custom 
which, in this age of enlightenment, is simply disgraceful. 
This, however, is a subject upon which it is of little use to 
tnlk or write merely. Until we provide our families with sanitary 
better facilities than are now commonly enjoyed by them, the S\naooi^ 
important duty of a daily evacuation of the bowels will be neg- '^'""™°'*''^- 
lected in wet or cold weather by all who can find any excuse 
for so doing. 

When the need of a substitute for, or indoor supplement to, water-oioseti 
the privy is felt, the owner of a country house, if in comforta- houses, 
ble circumstances, commonly has a water-closet put in. This 
obviates the difficulty of which I have last spoken, but it usually 
gives rise to another which, though wholly different, may exert 
a still wider influence for mischief. The objection to a water- 
closet in a country house lies in the difficulty of providing the 
means of effectually disposing of the matter which passes down 
the soil pipe. Under exceptional conditions the house can be DifflonWes 
drained into a running stream, but while this may solve the It soil°^ ^ 
problem so far as the individual householder is concerned, it 
immediately acquires an interest for the community. It is pos- 
sible, of course, to dispose of water-closet soil even when we 
have no sewer into which to run it ; but this can only be done 
properly by separating the solid and fluid constituents of tlie 
waste, filtering the latter and mixing the former with dry earth 
or other material which will absorb the gases generated by its 
decomposition and render it innoxious. The function of water water only 
in house drainage is only that of a carrier. When it has per-*"*"*'" 
formed its work it leaves the matter carried pretty much as it 
found it, and wherever the place of final deposit may be, if 
above ground or massed in pits, there are bred poisons which 
may do infinite mischief. 

A simpler, cheaper, safer and altogether more convenient — The eartik 
because movable — apparatus than the water-closet for country 
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houses, is the earth closet. This device is as yet little under- 
stood or appreciated in this country. It is a machine for dis- 
posing of excreta with the least possible trouble ; and so perfect 
is it in operation that an earth closet may remain in a bedroom 
or sitting room or the chamber of an invalid, and be in con- 
stant use, "without making its presence known unless neglected, 
and without receiving other attention than an occasional refill- 
ing of the hopper with dry, sifted earth and emptying the 
receiver placed under the seat as often as it becomes full. 

Dry earth as a The dcodorizing and disinfecting qualities of dry earth have 
been known from the earliest ages. In the instructions given by 
Moses to the Israelites during their march through the wilder- 
ness, as recorded in Deut. xxiii, 12th and 13th verses, these 
qualities are recognized and put to practical use. The Chinese 
have also known and profited by the same facts from time im- 
memorial. The power which dry earth possesses of absorbing 
the effluvia and all other noxious elements of excreta has, by 
the latter people, been so utilized that not only is the atmos- 
phere in and around their dwellings kept free from contamina- 
tion, but the earth itself, after being so used, becomes an excel- 
lent fertilizer, and to its extensive employment for this purpose 
is ascribed the wonderful and perpetual fertility of the more 
densely peopled regions of the Chinese Empire. 

Earth cioseta Earth closets are of comparatively recent origin, having been 
"' ^OT?X patented by the Eev. Henry Moule, an English clergyman, in 
1860. Mr. Moule, who lived at a country parsonage, had been 
greatly troubled with the nuisance caused by the cesspool of 
his house, which, like many others, was situated in close prox- 
imity to the well from which the family had to draw their sup- 
ply of water ; and as the well was threatened with complete 
pollution, he made an effort to avert the danger and get rid of 
the nuisance. He abolished privies and water-closets, and 
placed small backets beneath the seats for the reception of the 
excreta, the contents of which were regularly emptied into a 
trench made in the ground for that purpose. In a short time 



DKAHfAGE OF COITNTBY HOUSES. 271 

lie made the discovery that the effect of the earth on the faecal 
matter was to totally deodorize and disinfect it. This discovery 
led to further experiments, until he devised the mechanical 
means of using dry sifted earth in an ordinary closet or com- 
mode, and having patented his invention he introduced it to the 
public. His system has been tried with success in many places 
in England and in India. It has been found especially useful 
as applied to large public institutions, barracks, encampments, 
&c., and the strongest testimony has been obtained as to its 
complete success. 

In a report to the Privy Council the following summary of Dr. Buchanan i 

11 ,. 1 . . 1 -r^ r. 1 on earth 

the advantages of this system are given by Dr. Buchanan : closets. 

1. The earth closet, intelligently managed, furnishes a means 
of disposing of excrement without nuisance, and apparently 
without detriment to health, 

2. In communities the earth-closet system requires to be 
managed by the authorities of the place, and will pay at least 
the expenses of its management. . 

3. In the poorer class of houses, where supervision of closet 
arrangements is indispensable, the adoption of the earth system 
offers special advantages. 

4. The earth system of excrement removal does not super- 
sede the necessity for an independent means of removing slops, 
rain water and soil water. 

5. The limits of application of the earth system in the future 
cannot be stated. In existing towns, favorably arranged for 
access to the closets, the system might at once be applied to 
populations of 10,000 persons. 

6. As compared with the water-closet the earth closet has 
these advantages : It is cheaper in original cost, it requires 
less repairs, it is not injured by frost, it is not damaged by im- 
proper substances being thrown down it, and it very greatly 
reduces the quantity of water required by each household. 

7. As regards the application of excrement to the land, the 
advantages of the earth system are these : The whole agricul- 
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tural value of the excrement is retained ; the resulting manure 
is in a state in which it can be kept, carried about and applied 
to crops with facility ; there is no need for restricting its use to 
any particular area, nor for using it at times when, agricultu- 
rally, it is worthless ; and it can be applied with advantage to a 
very great variety, if not to all, crops and soils. After the dis- 
posal of excrement by earth, irrigation will continue to have its 
value as a means of extracting from the refuse water of a place 
whatever agricultural value it may possess, for tlie benefit of 
such crops and such places as can advantageously be subjected 
to the process. 

8. These conclusions have no reference to the disposal of 
trade or manufacturing refuse, which, it is assumed, ought to 
be dealt with as belonging to the business in which it is pro- 
duced by the people who produce it, and not to come within 
the province of local authorities to provide for. 

From personal experience, and after the severest tests which 

I could devise, I can recommend the earth closet as the best, 

cheapest and most generally satisfactory of indoor commodes 

for country houses. 

mo3 oi earth There are several forms of earth closets in the market. From 

closets. 

$20 to $25 is, I believe, the price of one made after the most 
approved pattern, with a capacious hopper and an arrangement 
for discharging a fixed quantity of earth into the receiver. 
Those who are able and willing to pay this price will get a good 
Home-made article, with fuU directions for its use and care. For the benefit 
modes, of those who are not, I will say that a convenient earth closet 
can easily be made, at small expense and without infringing 
anybody's patents, by any person with intelligence enough to 
build a hen-coop. My own experience in building and man- 
aging an earth closet may not be without interest. I made it 
of pine boards in the shape shown in Fig. 26. It was simply 
a box with two covers and no bottom. The under cover, which 
served as the seat, was hinged to the edge of the box, and the 
upper cover was hinged to the lower, so that they could be 
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raised singly or together, as desired, without interfering with 
each other. Under the seat, and standing upon the floor, I 




A cheap and 
convenient 
form of eartli 
commode ; 



Fig. 26. 



placed a galvanized iron coal-hod. A tin pail, full of dry, sifted 
earth, stood beside it. When two or three inches of earth had 
been sprinkled upon the bottom of the coal-hod the earth closet 




Fig. 27. 



was ready for use. The whole cost of the apparatus, including 
a large coal-hod, did not exceed $3-50, but it was as satisfactory 



18 
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as one could be. A small sliovelful of eartli was thrown in 
when the closet was used, and it was perfectly free from un- 
pleasant odor, though in daily use by several persons. The 
only attention it needed or received was to empty the hod when 
full. 

A somewhat more convenient shape for the box would have 
been to make it long enough to admit of partitioning off one 
end for an earth reservoir, as shown in Fig. 27. This would 
dispense with the pail for holding earth and make the whole 
apparatus complete in itself. 

For fuller information concerning such closets and their use, 
the reader is referred to a pamphlet of great interest and value 
Geo. E. War Written a few years ago by Col. George E. "Waring, Jr., of 
^^'^''' Newport, E. I. The title of this little book is " Earth Closets 
and Earth Sewage." 3Ir. Waring is a writer who combines a 
knowledge of sanitary engineering with extensive experience, 
a habit of careful and intelligent observation, and a literary 
style so pleasant that even the casual reader is interested and 
instructed. If a copy of his pamphlet on earth closets were 
placed in the hands of every country physician, I am satisfied 
that great and important benefits would result in drawing the 
attention of the profession to many things concerning which 
they are, generally speaking, either ignorant or indifferent. 
Sanitary If there is no water-closet to complicate the problem, the 
^cotSft^ sanitary drainage of a country house is somewhat simplified, 
houses, jj. .g ^ mistake, however, to suppose that human excrement is 
the only constituent of sewage which is liable to give off offen- 
sive and poisonous gases during the process of decomposition. 
A sewer into which no matter of this kind ever finds its way 
is, under ordinary conditions, as dangerous to health, if unven- 
tilated except through house connections, as one which receives 
Organic mat- all the waste of a town. The waste water of the kitchen car- 
^"^'"wato^ries with it enough organic matter to breed pestilence under 
favorable conditions, and for this reason the proper drainage of 
a country house which has a sink in the kitchen is a matter of 
prime importance as affecting the health of the inmates. 
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At the back dooi-s of farm and village liouses we commonly Baot-door 
find a serious evil, either in a defective drain or in the absence 
of any drain at all. In the latter case the " slops " are com- 
monly thrown out upon the ground and left to take care of 
themselves. The ground, instead of being soft and absorbent, 
is bare, hard and often covered with mould. To a person un- 
accustomed to it the smell is nauseating. If a drain is used it Drains, 
generally ends nowhere, and is often not more than 10 or 12 
feet long — a little pool at the end catching what passes through 
it. The miscellaneous refuse of the kitchen finds its way into 
it and must go through the usual process of decay in the drain 
or about its mouth. "When we find such a slovenly method of 
disposing of the kitchen refuse, we may take it for granted that 
wash water from the bedrooms is thrown out of the window 
and chamber lye poured on the grass. 

The common method of draining country houses of the better 
class in the United States is into stone or brick cesspools. The 
same system is employed in a majority of villages and unsew- 
ered towns when any provision is made for house drainage. 
As the rule, such cesspools are merely unventilated cisterns 
with bottoms and sides more or less porous, through which a 
part of the foul water discharged into them escapes to saturate 
the surrounding soil. That leaching cesspools are wholly bad is 
a statement which I can make without fear of intelligent con- 
tradiction. Such cesspools are a fruitful source of disease and 
death in rural neighborhoods where they have been intro- 
duced. Sewers are bad enough, even under the most favor- 
able conditions, though for the present they seem to be neces- 
sary evils in cities and populous districts ; but leaching cess- Leaching 
pools at their best are liable to be worse than sewers at their "^^^p°"^ 
worst, since they are not channels to carry away filth, but 
receptacles for its storage, wherein we can manufacture our 
own supplies of sewer gas and conduct it into our houses 
through the waste pipes which we fondly imagine are effectu- 
ally sealed against it by water in the traps. How much of a 
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dependence tliis is has already been explained in a previous 

Bt.L.piayfair chapter. Dr. Playfair, in an excellent address before the 

' British Social Science Association, speaks of such cesspools as 

follows : " Instead of allowing garbage to be freely oxidized, 

or applying it to plant life, which is its natural destination, we 

dig holes close to our own doors and cherish the foul matter 

in cesspools under conditions in which air cannot enter freely, 

and therefore the most favorable to injurious putrefaction. 

"VVe forget the superstition of our forefathers, that every cess- 

2)ool has its own particular evil spirit residing within it, and we 

are surprised when the demon emerges, especially at night, and 

strikes down our loved ones with typhoid fever or other form 

of pestilence." 

Cesspools I am not prepared to advocate the abolition of the cesspool, 

^ tight sides as it is stiU indispensably necessary under a great variety of 

"'"'''""'""^conditions; but in every case it should be made as tight as a 

bottle to start with. Any mason can build such a cesspool, 

and the method and materials to be used need not be described. 

The end to be secured is to prevent leaking, and there is no 

Frequent more troublc in attaining this in a cesspool than in a cistern. It 

empty ng. ^^^j^j ^q ^g^ ^^ make it so small that it should need to be 

emptied every few weeks, and provision for such emptying 

Cesspool should be made by means of a suitable pump always ready for 

' use. There are many in the market which will do this work 

admirably. The cesspool should be dug as far from the house 

as convenient — say 100 feet — and the top should be left open 

so as to afford a free vent for gases which must otherwise 

House con- work their way back through the pipes into the house. The 

ons. gQj^Qgg^jQj^ Tvith the house may be made with glazed tile — 

Trapping and preferably Scotch — with the best cement joints. There should 

^waste pipes, iiotj in my judgment, be any traps except those in the branch 

waste pipes inside the house, and, as in city houses, the main 

waste should be ventilated above the roof. The cesspool may 

be covered in whatever way is most convenient or ornamentalj 

provided an abundant vent is left, as before specified. My own 
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plan, in venting cesspools near bouses, has been to cover tbe 
top with a flagstone, in wbicb a bole is cut about 10 inches 
square. Into this I set a wooden box or chimney about 6 feet ventilation 
high, with a door in one side, which, when opened, discloses a °'"'^^^^°° 
series of alternating shelves extending half way across the chim- 




Fig. 28. 

ney, as shown in the drawing, Fig. 28. The top of the chimney 
is finished with a cap of metal or wood, merely to exclude snow 
and sleet. Upon the shelves charcoal is placed, the door is 
shut and fastened with a hook, and • the arrangements are 
complete. The charcoal should be renewed occasionally. It 
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absorbs all tlie oflEensive and hurtful impurities ih the gaseous 
exhalations from the cesspool, and without interfering with the 
ventilation keeps the thing from becoming a nuisance. This 
is similar in principle to the ventilating shaft recommended by 
Mr. Latham, and applied by him to sewers in several English 
Charcoal, cities with excellent results. As charcoal retains its power of 
absorbing organic impurities for a long time, and as this power 
is seK-renewing, the charcoal in the ventilating chimney of a 
cesspool does not need to be changed often er than the cesspool 
needs emptying. The next best arrangement is to leave the 
top open, like that of a curb well, but I should not advise this, 
as it might prove a source of anxiety and, possibly, of danger 
where there are children. Koofs and sheds should never drain 
into a cesspool, nor should storm water have access to it. The 
danger of overflow and backing up of the contents of the 
BacMow cesspool iuto the pipes should be avoided. I know of a house 
m^eT^ss- in Orange, N. J., and have heard of many others elsewhere, 
^°°^- -which suffers from this evil to an extent which renders it 
wholly unfit for human habitation, although usually occupied 
by tenants paying large rentals. In the one case to which my 
attention was called, it is no uncommon thing for the kitchen 
sink to suddenly fill with dirty water forced back through the 
pipes, sometimes by overflow and sometimes apparently by 
atmospheric pressure. I did not have an opportunity of study- 
ing the causes of these phenomena as carefully as I wished, but 
from even a partial examination of the system I learned some 
very interesting facts which gi'eatly sui-prised me. I found 
that by opening the closet valve on the second floor and flush- 
ing the closet abundantly, I could at any time half fill the 
bath tub beside it with greasy water of milky color, evidently 
from the cesspool. As this subsided, water of similar color 
and smell would rise a few inches in the basins and sink on 
the first floor. The tenant of the house, who was unwilling 
to incur any expense in the matter, said that emptying the 
cesspool only helped the matter for a few days, and that it 
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recurred again long before the cesspool was refilled. As 
the cesspool was sealed tight and the pipe system was wholly 
unventilated, it was not difficult to account for the phenomena 
to my own satisfaction. 

A very common method of drainage in some parts of the Bima drains, 
country consists in discharging the main waste into a blind 
ditch filled with cobble stones and covered with earth. This 
is open to the same objections as the leaching cesspool system. 
These ditches do not commonly fill up with water, but the 
interstices between the stones become choked with grease and 
solid filth, and long before the outfiow of the house waste is 
checked the gaseous products of organic decomposition, 
formed in great volume, work back through the pipes and 
past their seals into the living and sleeping rooms of the house. 
So far as healthf ulness is concerned, I would as soon carry a 
speaking tube from my bedroom into a grave where some 
body lay rotting as carry an unventilated waste pipe from my 
wash basin into such a subterranean grave of decomposing filth 
as this. 

Col. "Waring, from whose writings I have before had occa- The intermit- 
sion to quote in this chapter, employs at Ogden Farm, New- warYflwra 
port, E. I., and has introduced in Lenox, Mass., and else-*''"'"'"'®"'' 
where, a system of drainage which will be found to answer 
admirably under favorable conditions. It may be described 
as follows : The house drainage is discharged into a Field 
flush tank, which will be described hereafter. This tank, 
when filled, empties itself into a system of drain tiles laid 
with open joints, consisting of one main 50 feet long and 
ten lateral drains 6 feet apart and each about 20 feet long. 
These pipes are laid from 10 to 12 inches below the surface. 
In describing the details and practical workings of this sys- 
tem. Col. Waring says ; " My suggestion is to use this sys- 
tem usually when there is no public water supply, with an 
area of 2500 square feet for each household. If there are ten 
persons in the family, there will be an area of 250 square feet 
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for each. The character of the soil will have much to do with 
the process of purification, but probably not much with its 
efiiciency. Heavy clay soils exert in themselves a stronger 
absorptive action than do porous soils, but porous soils are 
much more open to the admission of air, with its destructive 
oxygen. Naturally, the system will work best when the 
ground is not frozen, and during the season of vegetation we 
have the further advantage, which I believe to be only a sec- 
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rig. 29. 
ondary one, that the products of decomposition are taken up 
by the roots of plants. If not so taken up they will be 
entirely dissipated. Let us suppose that a household of ten 
persons use 300 gallons of water per day. This will give 3 
gallons of sewage to 25 square feet of ground. If there is no 
gravel streak to lead the descending water of heavy rains to 
the well, until we reach a depth of only 6 feet we shall have 
150 cubic feet of earth to filter 3 gallons of water per day." 



DEAINAGE OF COTJNTEY HOUSES. 281 

The flush tank, which forms an important feature of this 
system, is a self -emptying cesspool of small size, shown in suifi- 
cient detail in the sectional drawing marked Fig. 29. 

A cylindrical tank, A, has an opening in the top with a construction 

., -.-„,- jji- andoperatioa 

movable cover and gratmg, ±5, whereby access lor cleansmg 
purposes is given to the inside of the tank, but also acting as 
a trapped inlet for the flow from the sink pipe, which dis- 
charges over the grating, the tank being placed outside the 
house, so that direct communication between the drains and 
the interior is interrupted, completely preventing the entry of 
foul air. The top of the tank is also provided with a venti- 
lating pipe, C, and a syphon pipe, D, the outer and lower 
extremity dipping into a discharging trough, Y, which consists 
of a small chamber fixed go that it can be turned round, with 
tlie object of setting its month in any direction that may be 
requisite to connect it with the outlet pipes G. A movable 
cover provides for access to the mouth of the syphon when 
requisite. The position of the ventilating pipe C may obvi- 
ously be varied according to convenience. 

The trapping of the inlet and the discharging power of the Features 
outlet, are the two chief featm-es of this apparatus which merit 
attention. As regards the former, it is to be noted that some 
considerable difficulty was at first experienced, owing to the 
inlet trap becoming emptied inductively by the suction due to 
tlie rapid discharge of water from the tank whenever the syphon 
came into action. By means of the arrangement of trap and 
air pipe shown in the engraving, this difficulty has been entirely 
overcome. The bend of the trap being located below the top 
of the tank, the suction, which could only arise when the level 
of the surface of the water had sunk as low as the top of the 
bend, is prevented by the supply of air from the air pipe. It 
will be observed that the inlet is doubly trapped, being water 
sealed by the flanges on the rim in addition to the bend of the 
trap. 

As regards the action of the syphon, it may be remarked that Action of 
to bring an ordinary syphon into action it would be necessary 
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that sufficient water should be run in rapidly to raise the level 
of the surface in the tank above the top of the syphon bend, so 
as to expel all the air quickly, which would require a consider- 
able volume of water ; and, on the other hand, in the case of 
small dribblets of water flowing in at intervals when the tank is 
full, they would simply trickle away over the lip of the syphon, 
and so the tank would remain full and the syphon continue in- 
Device for se- Operative. It is by the peculiar construction of the discharg- 
mati°Lftton! ing trough, which is a special and important feature of the 
tank, that aid is given to assist small quantities of liquids in 
bringing the syphon into action, instead of dribbling over the 
syphon without charging it, as would otherwise happen, as ex- 
plained ; and this is attained by checking the efflux of fluid 
from the syphon outlet by the agency of a peculiar arrange- 
ment of weirs at the discharging orifice or mouth, thus obviat- 
Disoharging ing aU the difficulties. The mouth of the syphon pipe dips 
into the discharging trough to the level of the top of the weir, 
and the weir itself is provided with a notch, the object of which 
is to prevent the partial or false action of the syphon, such as 
would result if its mouth were entirely sealed when the flow of 
water is not adequate to fully charge the syphon. For such a 
case the notch is so proportioned — as determined practically by 
experiment — that very small quantities of water, which are in- 
sufficient to fully charge the syphon, may run away through the 
notch without sealing the mouth of the syphon ; whereas, on 
the other hand, an adequate charge, being more than will pass 
freely through the notch, accumulates behind the weir, sealing 
the syphon so as to generate its full action and initiate a com- 
plete discharge. So effectual is that action that a mere hand- 
bowlful of water or slops thrown down a sink and flowing into 
the tank when full, suffices to set the syphon in operation. This 
device for securing an intermittent automatic syphon action is 
singularly simple and eflEective. So soon as established, the con- 
tents of the tank are completely discharged with considerable 
flushing force, producing an efficient scour in the outlet drains. 
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As an idea of tlie operation of this system can best be had Tie earth 
from a description of its practical working, I further quote tem*de-°^°' 
from Col. "Waring, as that gentleman is entitled to the credit of ^'""'^''• 
introducing the system into this country and making the pro- 
fession acquainted with its advantages. In an account of the 
drainage of his own house, he says : 

"Seven years ago last October, when I built my present 
house, I applied this method there in the most thorough way, 
and have been watching it with great care with a view to what 
I might learn from it from that time to this. • I do not hesitate 
to pronounce it absolutely perfect. I am satisfied that it affords 
relief which is open to every one who has even a little bit of 
ground adjoining his house. I would say, by the bye, that I 
have no water-closets in the establishment ; we use earth closets 
only; so that my experiment has not been complicated by 
that element. At the same time there is no practical difficulty; 
there is no reason why that may not be taken care of as well as 
the other. 

"Outside of my kitchen the waste pipe of the kitchen sink Fixtures and 
discharges into a flush tank — ^that is, a vessel holding about a ment*"""^^ 
barrel of water supplied with a syphon which comes into action 
automatically ; it holds back all the flow of the kitchen sink 
until it becomes entirely full ; then almost instantly — within 
three or four minutes — it discharges the whole of that volume, 
which in my case is about a barrel of water, rapidly into the 
drain and drives or carries everything forward with it. The 
water from the baths and the housemaid's sink and other things 
enter the drain further down. If they do deposit any small 
amount of matter, this flow, which occurs as often as two or 
three times a week, is sure to carry everything forward. This 
goes to a settling basin, which is very small, having a capacity 
only of about 40 or 50 gallons, and which is simply for the 
purpose of restraining the grease which floats on the surface of 
the water and the solid matters which settle at the bottom. 
The overflow from the settling basin is through a pipe which operation 
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points down below the surface, so that whatever enters this 
pipe must enter it below the scum and above the deposit, and 
whatever is discharged from this settling basin is liquid, and 
that liquid is carried forward through a tight pipe a distance of 
about 40 feet from my library window, and there it turns and 
runs parallel with the house for a distance of 60 feet. At in- 
tervals of 6 feet, leading from that like a gridiron, are drains of 
ordinary agricultural tiles ; these drains which lead from it are 
ten in number ; they are 20 feet long, loosely meeting together 
Depth below at the ends with no cement ; they lie 12 or 13 inches below the 
' surface of the ground, which is, I am satisfied, somewhat too 
deep— 9 or 10 inches would be better. Whenever that flush 
tank discharges, it flows into a settling basin and displaces an 
equal quantity of liquid matter from there, which is at once 
driven forward and is sufficient to gorge these tiles from end to 
end ; the contents instantly begin oozing out at the joints, and 
the overflow in a very short time is dispersed into the ground. 
The water of course settles, for this must be on tolerably drained 
land ; it would not do to try this on the surface of a swamp 
titration which is Saturated below. The water settles through the soil, 
grouna. thus finding an outlet, and the soil through which it passes 
filters out the foul matters. Immediately the water passes 
away fresh air enters from the surface ; and by the well-known 
concentrated oxidizing power of porous matters, whether pow- 
dered charcoal, earth or whatever it may be, an entire decom- 
position is effected of this foreign matter, so much so that after 
five years, there being from defective work an occasion to take 
up a part of this syitem of drainage, I took up the whole and 
gave it a thorough examination, and in no place could you de- 
tect in the earth which lay adjacent to these tiles, in which 
they were immediately encompassed, either by appearance or 
odor, the slightest difference from ordinary fresh-smelling gar- 
den mould. This has been going on, as I say, since seven years 
ago last autumn, for a household of six persons, with rather a 
copious use of water, and there has been no other means 
adopted. 
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" I should not, of course, on my own single experiment, venture 
to reconimend this, as I have done frequently, to the public as 
being worthy of adoption. Its use has extended very much. I 
applied it last year to the sewage of the whole village of Lenox, Town sow- 
in Massachusetts; and in England it is being adopted for 
the sewage of country houses far and wide, and is based on the 
principle which is thought by many English engineers to prom- 
ise the only relief that they can have from their sewage. When 
I am describing this, the question which is almost universally 
asked is, What becomes of the solid matter and grease in the The settling 
settling basin ? At first I used to have it taken out and buried 
about once in three months — dug a trench in the ground near 
Ipy, cleaned out the settling basin and buried its contents in the 
trench. But once, only a week after cleaning it out, I had 
occasion to empty it again for another purpose and found that 
it was as foul as it had been after a longer interval. That was 
about three years ago. Since that time the settling basin has 
never been opened except for inspection, and its condition 
remains always the same. The explanation is perfectly simple : 
The solid matter at the bottom of the tank is decomposable 
matter and is constantly passing itself off in solution in the 
water that flows away ; and the matters which are decomposing 
are very strong producers of ammonia, which acts upon the 
under side of the floor of grease and converts that into soap, 
which in its time passes off." 

Having had three years' experience with this system, so far The anthor-a 
as its essential details are concerned, in draining my own house, ^^p^'**"™- 
I have no hesitation in expressing the opinion that under favor- 
able conditions it will work satisfactorily and be found an im- 
provement on any other system which can be contained within 
the restricted limits of a village lot or villa site. There seems 
to be no reason why it should not work equally well on a larger 
scale, and in the case of Lenox I am informed that it does. 
English testimony is also strongly in its favor, and nowhere else 
has it been tested with equal thoroughness nor under so great 
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a variety of conditions. When the conditions arc unfavorable or 
householders are unwilling to venture even so simple an experi- 
ment in sanitary engineering, I should recommend the tight, 
well-vented cesspool already described. 

When there is no plumbing work in a house and no facilities 
are needed except those which afford a safe and convenient 
means of disposing of dish water and kitchen slops, a cheap 
and simple device is a box filled with absorbent earth. The 




Fig. 30. 

function of this filtering tank is to remove from the waste water 
all matters which can readily be strained out and retain them 
in such shape as to admit of their subsequent utilization for fer- 
tilizing purposes. I have generally found a tank 4 feet square 
amply capacious. This gives us a cubic contents of 64 square 
feet. The shape of the tank is not a matter of great impor- 
tance, provided the bottom is so inclined that all the water 
flowing into it shall find its way to the point at which an outlet 
is provided. The shape I prefer is shown in Fig. 30, and when 
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one is made especially for this use it might as well be of this 
form as any other. As will be seen, the bottom has the shape 
of an inverted pyramid, formed of four triangular pieces join- 
ing the straight sides. For convenience in emptying, one of ProTisionfor 
the sides is made in two parts, united with hinges at the line A. 
The tank may be set into the ground to the line A, which 
has the advantage, of bringing the pipe 0, which carries off the 
filtered water, below the depth to which frost will penetrate 
the ground except in high northern localities or exceptionally 
cold winters without snow. At the point of discharge, B, which strainer, 
is formed by nailing a collar of zinc to the bottom pieces, it is 
well to have some kind of strainer — either a perforated metal 
sheet, a piece of wire cloth, a block of . soft peat or anything 
that will serve the purpose. A sabot of hay or straw will an- 
swer as well as anything else. In the bottom of the tank place straw in 
a quantity of broken straw, packing it tightly. On this throw ° °"' 
about 12 inches of dry, absorbent earth, leaf mould or any kind contents 
of soil other than sand or clay. The tank is then ready to " 
receive so much of the drainage of the house as requires such 
treatment. The pipe D is the waste from the kitchen sink, operation of 

th.e system. 

The outflow from this pipe is water more or less charged with 
organic matter. The water passes through the filtering mate- 
rial in the tank, but the grease, the bits of meat, the vegetable 
particles and all the solid or semi-solid constituents of the out- 
flow are retained in the tank. As often as may be necessary to 
prevent the escape of any offensive odor, or even the character- 
istic greasy smell which is usually noticeable in a kitchen drain, 
throw in more earth until the tank is full. In warm weather 
a little powdered gypsum (ground plaster) thrown in would be 
found useful in absorbing and retaining the ammonia formed 
from the decomposition of substances containing nitrogen. The Kitchen 
matters which come out of a kitchen through the sink waste are 
not in themselves offensive or injurious. They only become so 
by decomposition, a process which does not commonly begin 
under 24 to 48 hours. If kept covered with any dry, absorbent 
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material, the products of decomposition are all retained, and this 
will continue until the earth in the tank is saturated and ceases 
to absorb and deodorize the matter which it holds, and then it 
Renewal will require renewing. How often it will need this depends 
of tank, upon circumstances. In the instances I have in mind in which 
this system has given perfectly. ptisfactory results, the tanks 
have not required to be emptied and refilled oftener than once 
in two months. In one case four times a year was often enough. 
A layer of earth an inch thick is commonly sufficient to throw in 
at one time, and this may be done two or three times a week 
in very warm weather when decomposition goes on rapidly. 
With good management less attention than this will keep the 
Theciisoharge tank in good condition. The pipe C is common earthen tile, 
tered water. A fow feet away from the tank and for the rest of its length 
it may be laid with open joints. It may extend under a garden 
or lawn, or indeed anywhere. Water which flows into it leaks 
out at the joints or through the pores of the pipe, is absorbed 
by the soil and appropriated by vegetation. 
Position Such a tank as I have described may be placed anywhere. I 
■ have never found any objection to placing it against the foun- 
dation of the house, so that the kitchen sink waste needed to be 
Cover, only a few feet in length. To exclude rain it requires some 
kind of light spreading cover, raised high enough above the 
sides to give the fullest ventilation and permit free evaporation. 
When full, one side is lowered and the contents are shoveled 
into a wheelbarrow and removed to the compost heap. 
Country du- Experience has shown it to be a great mistake to suppose that 
waysheliuhy! isolation, with good surroundings and plenty of fresh air out of 
doors, will insure good health. The fallacy of this notion was 
forced upon my attention during the summer of 1876. In the 
course of a ramble among the hills of Orange county, N. Y., I 
made the acquaintance of a farmer and his family who had 
i^hoidfever lately experienced a terrible visitation of typhoid fever. The 
tain top. farm occupied one of the most beautiful locations I had ever 
seen. It lay upon a mountain top about 1440 feet above the 
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sea and some 600 feet above the lake ia the valley. The view 
was extensive in all directions ; the formation was such as to 
insure the best natural drainage, and the winds from every 
quarter of the heavens had full Sweep over the whole place. 
Any one would have fixed upon this spot as a sanitary paradise, 
but the fever had found it, though there was not another dwell- 
iag from which the seeds of contagion could by any chance 
have been carried. The cause was not difficult to find, how- 
ever. My friend . the farmer made dairying his principal 
business. In the bam, almost immediately adjoining the house, 
he wintered his cattle, and as it was easier to carry water for 
the family than for the stock, he had sunk his well in the barn- 
yard. Gradually but surely the sources of his water supply had 
been poisoned, and with all natural conditions favorable to 
health in a peculiar degree, he had in his ignorance brought 
upon himself worse evils than he would probably have encoun- 
tered in the dirtiest neighborhood of the bad-smelling city. 
lEs folly had cost him a son stricken down in the full vigor of 
early manhood, and left himself broken in constitution and 
forever enfeebled by the scourge which had brought him and 
still others of his family to death's door. 

People who leave convenient and comfortable city houses to seeking 
seek pure air and healthful surroundings in the country, often eomtry. 
find that they have made a sad mistake. Fresh air and sunlight 
are certainly great purifiers and disinfeetors, but these potent 
agencies will not purify our wells nor arrest decomposition. 
The absolute dependence often placed upon them in country 
districts accounts for the fact that these districts, when fairly 
well settled, are rarely free from epidemic diseases of one kind 
or another. It may seem like an extravagant statement, but I Neglect ot 

, , . . , , sanitaiy pre- 

have no hesitation m saying that were hygienic precautious as cantionsm 
generally neglected in New York city as in the country districts, districts. 
the columns of our daily newspapers at any season of the year 
would read like chapters from De Foe's history of the London 
Plagoe. ^g 
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No excuse for With every possible facility for keeping in good health, the 
residents of country districts and of our smaller towns have no 
excuse for the fevers and other epidemic diseases which are 
so common nowadays, and which are so very generally caused 
by willful violations of hygienic laws. We can hardly imagine 
any reason why a farmer or the tenant of an isolated house in 
the country should ever see a case of typhoid. Yet typhoid 
fever is common, and people wonder at the Providence which 
robs them of their friends and children, and try to be resigned 
to the decrees of a higher power, when the cause is reaUy to be 
found in their own disregard of the laws of health — ^laws of 
which no one has any right to be wholly ignorant in this age of 
enlightenment. 



' CHAPTER XI. 

Water Supply in Countet Disteicts. 

In selecting a place of residence or a building site in tlie importance 
country^ care should be taken to secure an abundant supply of tacorat7y '^"^ 
pure water. Other things are important and should be given p'^®'- 
due weight, but the quality of the water supply upon which 
dependence must be placed, is of prime importance. It is pos- 
sible to correct nearly all the evils prejudicial to health if the 
proper means are used, but we cannot find good water where 
it does not exist. To the neglect of this precaution we may, I Bad water 
think, attribute much of the sickness in populous suburban dis- sickness, 
tricts surrounding our principal cities. No country house is 
desirable as a place of residence which does not at least have a 
good well or an unfailing spring of pure water near it, and in 
such a position that it is free from all danger of contamination 
by surface water flowing into it, or by impurities reaching its 
sources through permeable strata of the soil. There is a great 
deal of valuable literature on the subject of water which is 
easily obtainable by those who seek it. In a work of this kind 
it is necessaiy to discuss the subject somewhat briefly. 

In judging of the quality of water and its fitness for drinking Determining 
and general domestic use, the principal points to be determined ot^?^"'^ 
are: 

1. Total solid residue. 

2. Hardness, temporary and permanent. cuarac 

_^ -, . terlstlcs. 

3. Chiorme. 

4. Mtrogen in nitrates and nitrites. 

5. Ammonia and organic matter. 

6. Metals. 

The first is easily determined by evaporating a given quan- soud residue, 
tity, say 3 ounces, on a water bath to dryness, and drying the 
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residue in an air bath at 266° Fahr. The total operation, ac- 
cording to Wanklyn and Chapman, requires about an hour and 
a quarter. 
Hardness. By the harduess of water is meant the quantity of soap it 
will consume in forming a lather. Although hard water is 
not usually considered unwholesome, it is quite unsuited for 
general domestic use. The quality of hardness results chiefly 
Detenni- from the presence of lime and magnesia in the water. There 
hardness, are several methods of determining hardness, the simplest of 
which consists in preparing an alcoholic soap solution, of which 
a given quantity is just capable of neutralizing one gram of 
carbonate of lime. For the benefit of those who have access 
only to Troy weights and apothecaries' fluid measures, I give 
the following simple directions for determining the hardness 
of water with United States weights and measures. Weigli out 
8-88 grains pure fused chloride of calcium, made by dissolving 
calc spar in pure hydrochloric acid, and dissolve it in 32 fluid 
ounces of distilled water. ISText prepare a solution of hard 
white soap in strong alcohol, filter and add an equal volume of 
water. Take 4 fluid drachms of this solution, and place in a 
bottle with 4 fluid ounces of distilled water. The standard solu- 
tion of chloride of calcium is added to this from a graduated 
pipette until on shaking the frothing stops. If more than 4 
drachms of the standard solution of chloride of calcium is 
required, dilute the soap solution with just enough 40 per cent, 
alcohol to make 4 drachms of the lime solution neutralize 4 
drachms of soap solution in the presence of 4 ounces of water. 
In determining the hardness of a natural water, measure out 4 
ounces of the water and place in a glass stoppered bottle, then 
add sufiicient soap solution to produce on shaking a permanent 
lather. The number of drachms of soap solution consumed will 
indicate the number of grains of carbonate of lime (or its equiv- 
alent of magnesia), in a United States gallon of 231 cubic 
inches, allowing 128 fluid ounces, or 1024 drachms, to the gallon. 
Permanent The determination of the permanent hardness is made as 
hardness. j,^Q^g after boiliug the water for an hour, distilled water being 
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added to replace that whicli evaporates. The difference between 
total and permanent hardness is equal to the temporary hard- 
ness. 

Chlorine is iistially determined volumetrically, by means of a CMorine. 
standard solution of nitrate of silver, and requires some skill 
and experience to insure accuracy. If Y'37 grains nitrate of 
silver be dissolved in 33 fluid ounces distilled water, 0*033 
ounces of the solution will precipitate 0"0015 grains of chlorine. 
About 0-0077 grains of neutral chromate of potash in solution 
is dissolved in a measured quantity of the water to be tested, 
and the standard silver solution added, drop by drop, until a 
permanent red color is noticeable. "Water which contains a 
large amount of chlorine may have derived part of it from 
sewage. 

Nitrates and nitrites are not easily determined, and no method Nitrates 
now in use would prove of any value to a persom not a skilled ""^ '^*'^"««- 
chemist. The presence of even small quantities of nitrites is Test for 
objectionable, and for these the following qualitative test will 
suffice. A very thin paste is made of starch, and to this is 
added a little solution of iodide of potassium. Iodide of potas- 
sium is a solid, and the solution may be prepared by taking a 
very small piece, say half as large as a pea, and dissolving it in 
a test tube two-thirds full of water. A gill of the water to be 
tested is taken, and about five drops of dilute sulphuric acid 
are added. The acid is previously diluted by mixing a little of 
it with an equal weight of water in a beaker. A little of the 
water to be tested, thus acidified, is poured into the mixture of 
starch paste and iodide of potassium. If it turns blue, a nitrite 
is present. Otherwise there are no nitrites in the water. 

Nitrates are thus detected : to a quarter of a gill of the sus- Tests for 
pected water in a small beaker, add half a gill of pure con- '^"'■"^^■ 
centrated sulphuric acid, and warm the mixture on a sand bath 
until the temperature is 140° Fahr. "While the mixture is still 
warm add a few drops of an extremely dilute indigo solution. 
If the color of the indigo disappears immediately, even on 
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repeated addition, a nitrate is present. The indigo may be 
purchased in solution, and should be ordered as sulphate of 
indigo solution. A very little of the liquid added to a pint of 
water gives the dilute solution, which should be used as above. 
Ammonia Ammouia and organic matter are especially objectionable in 

and organic , -i ^ -it* .•! ... 

matter, potable Water, and their quantitative determination is as im- 
TheNeas- portaut as it is difficult. The Nessler test is a very delicate one 

ler test 

■ for ammonia, as it will detect one part of ammonia in 20,000,000 
parts of water. Ammonia may be concentrated by distillation, 
for if 67"6 fluid ounces of water be distilled, nearly all the am- 
monia contained in it will pass into the first 3-4: ounces of dis- 
tillate, thus rendering the test ten times more delicate than 
before. The Nessler reagent is made by dissolving Y7-19 
grains iodide of potassium in a small quantity of hot distilled 
water, and adding to it, while on a water bath, a solution of 
corrosive sublimate until the red precipitate no longer dissolves ; 
.filter and add 231'57 grains of solid caustic soda or 308-76 solid 
potash dissolved in water ; dilute to 33*8 ounces, and add 0'169 
ounces of saturated solution of corrosive sublimate ; allow to 
subside and decant the clear liquid. It gives a brown color 
with ammonia. 
Quantitative In using the Nessler test for quantitative determination, 
tionb^e°s- 0'05 ouuce of the reagent is added to 3-4 ounces of the water 
ler's method. ^^ ^^ examined, and the color observed. The same quantity of 
reagent is added to a given quantity of a standard solution of 
ammonia also diluted to 3-4 ounces, and the colors compared. 
The standard ammonia solution is made by dissolving 0*6 grain 
sulphate of ammonia, or 0'49 grain chloride of ammonium in 
33-8 ounces of water. 

The presence of any considerable quantity of ammonia is 

almost certain proof of sewage contamination, as urea is readily 

convertible into carbonate of ammonia. 

Test for or- One of the simplest tests for organic matter in water is made 

gan ma er. ^.^^ permanganate of potash. This salt is remarkable for its 

great coloring power, a very small quantity producing a purplish 
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red color in a great (Quantity of water. To perforin the test, 
about 3 grains of the salt should be dissolved in one pint of pure 
water. A very pure water can be obtained by melting ice. 
About one pint of the water to be examined, not concentrated, 
should be introduced into a colorless glass beaker, and 5 drachms 
of dilute sulphuric acid added. The acid should be so diluted 
as to consist of one part acid and five parts water, by measure. 
The permanganate should then be added, a few drops at a time. 
If organic matter is present, the colored solution of the per- 
manganate of potash will be decolorized as soon as it touches the 
water, and a brown deposit will slowly settle to the bottom. 
By continuing to add the colored solution until it is no longer 
decolorized, we can form some idea of the amount of organic 
matter in the water. 

If water examined for organic matter be allowed to stand for Burning tho 
a day, a sediment will often settle to the bottom. If a portion oj ^ater. 
of this sediment be dried and burnt in a porcelain dish ovei* a 
spirit lamp, it wiU smell bad if there is animal organic matter 
present. It will turn black if there is organic matter of . any 
kind present. This of course shows organic matter in a state 
of suspension in the water. The permanganate test must be 
resorted to to discover organic matter in solution. 

A very simple test for organic matter in water consists in The sugar 
dissolving therein a small quantity of white sugar. In a few gtSo^matter 
days if sewage, urine, albumen or any other organic impurity 
be present, the water becomes white and milky from the devel- 
opment of certain fungoid growths. Prof. Frankland, F. K. S., 
presejited a paper on this subject to the Chemical Society of ' 

London, as long ago as Feb. 2, 1871. In this paper he ad- 
vanced the theory that these germs are everywhere present in 
the atmosphere, but that they cannot develop in the sugar solu- 
tion without the presence of phosphoric acid or some compound 
of phosphorus. The following comparative tests were recently 
made in this city to determine the value of Prof. Frankland's 
suggestion in a practical way : Four 8-ounce bottles were filled 
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Experiments with Water, and to each was added 16'44 grains of powdered 
sediment, sugar. The first of these solutions, which contained boiling 
distilled water and no air, remained unchanged during the 
whole experiment, lasting 50 days. 'No. 2, which contained 
Croton water and a little air, began to exhibit a white sediment 
in nine days, which seemed to adhere to the bottom of the 
bottle. In two days the third solution, to which had been 
added 0-17 ounces urine (or about 2 per cent.), had a milky 
look ; in three days a heavy froth on top, and in eleven days 
was perfectly opaque and contained small white flakes ; at the 
end of a month still heavier deposit and cloudy ; in 50 days 
less opaque, heavy sediment. To the fourth solution was added 
0"17 ounces of a solution of phosphate of soda. The changes 
were more marked than in Croton alone, but far less than in 
that containing urine, showing that some other ingredient than 
phosphorus aids in producing the change. Neither 2 nor 4 were 
opaque at the end of 60 days unless shaken to diffuse the heavy 
sediments in them. 

A trace of or- ^ trace of Organic matter does not necessarily disqualify 

ganlo matter ° . J rL ,/ 

not neeessari- water f or general use. The following table shows the number 

' of grains of organic matter in the water supplied to some of 

our American cities. The insignificance of the quantity will 

better appear if we bear in mind the fact that a gallon contains 

70,000 grains of water : 

New York (Croton) .1-9T 

Brooklyn (Ridgwood) 1"43 

Boston (Cochituate) 1'22 

Philadelphia (Fairmount, Schuylkill) 2-06 

Albany (from the hydrant) 3'96 

Percentage of „ •/ j 

organlcmat- Troy " " 2-30 

ter In waters ,c Lt -i n a 

supplied to UtlCa " " 1-64: 

Syracuse (New Eeservoir) 3-08 

Cleveland (Lake Erie) 2-62 

Chicago (Lake Michigan) 1'81 

Rochester (Genesee River) 2"12 
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Schenectady (State street we]!) 4:'00 

Newark, Jersey City, Hoboken, Hudson City (Pas- 
saic River) 4'90 

Trenton (Delaware Eiver) 0-95 

Of the metals, lead and zinc are the most dangerous and the Metais. 
most frequent. As directions for the determination of the 
various metallic salts are given in a previous chapter, they need 
not be repeated here. 

Some natural waters contain sulphuretted hydrogen acid, sulphuretted 

. hydrogen. 

wliich is easily detected by smell, and by its action on bright 
silver coin or on paper dipped in acetate of lead solution. 

Carbonic acid may be present either in a free state or com- carbonic acid 
bined with lime and magnesia, for bicarbonates. In either 
case it is expelled by boiling. To ascertain whether any of the 
carbonic acid is in a free state a strip of turmeric paper is em- 
ployed, together with a freshly prepared solution of clear lime 
water. If the addition of a single drop of lime water to the 
water to be tested causes it to turn the turmeric paper 
brown, no free carbonic acid is present. If it is necessary to 
add several drops of the lime water before this action takes 
place, the quantity of free acid is quite large. Dr. Yon Petten- 
kofer also employs for this purpose rosolic acid. Free carbonic 
acid is seldom if ever present in the waters of limestone regions. 

The sanitary condition of water employed for domestic pur- Dissolved 
poses is, says M. Gerardin, intimately related to the presence °^*™" 
or absence of dissolved oxygen, and the proportion of this gas 
present and dissolved determines the hygienic state of the water. 
Unfortunately, the quantitative determination of dissolved 
oxygen is very difficult. The French chemist just mentioned 
employs for this purpose hydrosulphite of soda ; Prof. Wurtz 
employs a solution of pyrogalline acidified with hydrochloric 
acid. Gerardin has discovered that when water retains a nor- 
mal proportion of dissolved oxygen, the lives of fish and green 
plants are preserved. As the oxygen diminishes, those animals 
which have the most active respiration first disappear, and sub- 



298 WATEE StrPPLY IN COTTNTET DISTEICTS. 

sequently those of lower respirative powers ; and he concludes 
that organic matters in a state of decomposition deprive water 
of its dissolved oxygen, and consequently render it impossible 
for either plants or animals of superior organization to live in it. 
Amateur WB- A pcrsou with no knowledge of chemistry cannot commonly, 
' if ever, be trusted to determine the potability of w^ter, or 
judge of the comparative excellence of two or more kinds of 
water, provided they do not contain impurities which are 
Deceptive plainly palpable to the senses. There is a great deal of differ- 
istics. ence in the color and taste of potable waters, and one not an 
expert in judging of water might be misled in many instances 
— especially as some of the most dangerous impurities occurring 
in natural waters are less readily detected than those which, 
though harmless, noticeably affect their color and taste. I have 
seen and drank very wholesome and satisfactory water— notably 
that drawn from the juniper swamps of Yirginia — which one 
not accustomed to would hesitate to taste ; I have also seen 
water drawn from deep wells, cool, clear and sparkling, which 
was the means of poisoning many people — some of them fatally 
^and which no one could drink with impunity. The notion 
that taste and smell can be relied upon as sure indications of 
the quality of water is a dangerous error. In 1866 an epidemic 
of cholera was caused in London by the use of impure water 
from wells poisoned by foul liquids permeating the soil ; and 
yet we have it on the authority of Dr. Letterby and other emi- 
nent sanitarians and chemists, that many of these wells " yielded 
cool, bright and clear water." In the sixth report of the Kivers 
Pollution Commission it is asserted that samples of water taken 
from London wells consisted almost wholly of soakage from 
sewers and cesspools, and that some of them actually possessed 
a manure value one himdred and fifty per cent, greater than 
that of an equal volume of London sewage. Many of these 
polluted wells enjoyed a high reputation, and water drawn from 
them was considered better than that furnished by the water 
companies. 



WATEK SUPPLY IN COUNTKY DISTEICTS. 299 

For these reasons it is commonly advisable, though not always Advantages 
necessary, for those selecting sources of permanent water supply a chemist, 
in the country to refer the question to a chemist experienced in 
water analysis. A qualitative analysis will usually answer, and 
the small expense attending the employment of a chemist for 
this purpose will be found a good investment. 

The sources of water supply in country districts are wells, sources of 
springs, and, occasionally, ponds and running streams. Kain 
water is also a dependence for many uses on account of its soft- 
ness. Of these several sources of supply, wells are giVen a de- 
cided preference in . this country. A well is a shaft by which "^^eiis. 
we reach the water-bearing stratum, the depth depending upon 
the formation through which it is sunk. They are of three 
kinds — ^those which are dug, those which are bored (commonly 
called artesian wells), and those which are made by forcing a 
tube into the ground (comnionly called drive or driven wells). 
These will be considered separately and at such length as the 
scope of this chapter may warrant. 

The common open well, excavated by digging, dates its origin openweiis. 
back to the remotest antiquity. Some of the oldest weUs in the Remarkawe 
world are among the most remarkable, extending to a great 
depth through solid rock, with winding pathways, also 
hewn in rock, descending to the water level. In some instances 
these pathways are so wide and so easy in their descent that one 
may ride down to the water on horseback. Joseph's well, at josepi-s weu. 
Cairo, Egypt, is 297 feet deep ; Jacob's well, near Sychar, jaoou-s weu. 
formerly known as Shechem, on the road to Jerusalem, is 105 
feet deep. We have many wells much deeper than these, but 
none so remarkable when we consider the primitive character 
of the tools employed in digging them, the nature of the strata 
through which they pass, and the fact that the ancients had no 
explosive agents for blasting. 

As the work of well digging is commonly performed by men weu digging 
specially skilled in the art, and as the methods and tools em- 
ployed are of little interest to the general reader, I shall limit 
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my remarks to a few suggestions respecting the location and 
care of wells. 
Water-bear- In most localities desirable for residence, and in many which. 

Ing strata. ' 

are not, water can usually be obtained within reasonable dis- 
tance of the surface. It is not commonly necessary to go more 
than 20 or 30 feet to reach a water-bearing stratum. In excep- 
tional instances, as in cases where wells are sunk in gravelly 
knolls or in other positions where the local formation is such 
as to bring the water-bearing stratum further from the surface, 
it is necessary to go deeper. Under these circumstances wells 
Location are sometimes as much as 80 feet in depth. In selecting a site 
' for a well we must remember the fact that a hole in the ground, 
for whatever purpose made, is very liable to become under 
ordinary circumstances a receptacle for surface drainage, as 
well as a cesspol for other matters which find their way from 
Sources of the surf acc down through permeable strata. For this reason 

contaml- 

nation, wells should be as far as possible removed from barn-yards, 
muck-heaps, privies, cesspools and other possible sources of con- 
Earth not a contamination. The idea that simple filtration through soil 

good filter. ° 

will free water from organic impurities and rob it of all hurtful 
properties, is clearly erroneous. Adequate filtration will do this 
for a time, but the fissures and veins through which surface 
water makes its way down to the strata from which wells are 
supplied, may become so filled with impurities that they would 
poison pure water passing through them. It is not unusual for 
wells to become suddenly affected from causes which have been 
operating without apparent effect for years, and the germs of 
disease are thus often taken into the system under circum- 
organic stances which excite no suspicion. Decomposing organic mat- 
ter of any kind, and especially animal excrement, is the great 
source of danger, and when such matter is allowed to accumu- 
late in the neighborhood of wells upon the surface of any but 
the most exceptionally impervious soils, we may be very certain 
that sooner or later it will render the water impure and un- 
Locai souroeB wholcsome, if uot positively fatal. It is not uncommon, how- 
nation, ever, to find wells in light sandy or gravelly soil in close prox- 
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imity to privy vaults, cesspools and barn-yards. They ai-e, as 
the rule, lined with loose stones which afford surface water free 
access, and are often, especially in times of heavy rain or when 
the winter snows are thawing, receptacles for water charged 
with all manner of impurities scoured from the surface. I 
have seen instances in which a well, barn-yard, garbage heap, a 
pervious cesspool receiving the liquid refuse of the house, a 
privy, arouse and a well-mailured garden, were all to be found 
within the limits of a plot 50 by 150 'feet, and in soil so light 
that only after heavy and long-continued rain would any water 
be found standing on the surface. Under such circumstances 
it is scarcely possible for the water in a well to be fit for use. 
In calling attention to a dangerous proximity of well and privy, 
or cesspool, I have usually found people unwilling to believe 
that any harm could result therefrom — or indeed from any 
other source of surface contamination provided the earth was 
banked up 6 or 8 inches around the curb. 

In villages and towns where the dwellings are close together weusinva, 
and wells are necessarily in close proximity to houses and out- towL*!" 
buildings, the danger of water poisoning is imminent at all 
times. That such villages and towns are commonly healthy 
places of residence in this country would prove nothing if true. 
In Great Britain some of the most fatal epidemics of typhoid Epiaeimcs in 
fever have occurred in such towns, and the same is true in this 
country. As the rule our towns and villages have outgrown 
the simple methods and appliances that provided adequate 

/ drainage for the few comparatively isolated houses forming the 
nuclei around which they have gathered. Localities which were Mauna. 
conspicuously healthy half a century ago, and which for that 
very reason attracted population, are now scourged with mala- 
ria, and not a few of those who can do so are removing to the 
cities to regain lost health. There is probably not a village or 
settlement witliin 40 miles of New York in any direction that 
is free from malarious diseases of local origin. There may be 

I particular neighborhoods to which these remarks do not apply, 
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and whicli, from natural advantages of location, with good 
drainage and abundant water su2:)plj, have the means of keep- 
ing healthy ; but most of the country which has afforded ac- 
commodation to the population crowded out of New York by 
high rents and the insufficiency of home accommodations within 
its limits is not healthy, and cannot under existing conditions 

Deflcientand expcct to bc. In a maiority of cases defective and insufficient 
drainage, drainage, with its attendant and almost inseparable evil or 
water poisoning, is at the root of the whole trouble. In but few 
instances have attempts been made to deal with these evils by 
measures of sanitary reform. Each house has within the little 
inclosure it occupies its own source of water supply and its own 
sower — the former a well and the latter a leaching cesspool. 
Even when the true nature of the evils undermining the public 
health is understood and appreciated, it is not always possible to 

unpopularity remcdv them. It is easy to levy a tax for such improvements 

cfpnbllosan- "^ ■' , . . ,• ■, . 

itary works, as stouo sidcwalks and road macadamizing, but a tax for drain- 
ing a village and supplying it with water finds few advocates, 
oven among those whose families have suffered most from dis- 
eases which such reforms would forever banish from the neigh- 
Typhoidfever borhood. It is a well-established fact that since the introduc- 

In cities and , , . i • i i 

country dia- tiou of aqucduct watcr into large cities, typhoid and many 
' other fevers, resulting among other causes from water poison- 
ing, have become more common in the country than in cities. 
This I have no doubt is attributable to the poisons taken into 
the system in well water contaminated with organic matter. 
Instances of such contamination which have given rise to 
Poisons In zymotic discascs are numerous and well authenticated. The 

well waters. i- c i ■ . n . 

slimy matter often found covering stones in wells is a true fun- 
goid growth, and is an active blood poison when taken into the 
system. In wells polluted by sewage these fungoid or confer- 
void growths are, I believe, always found. 

The danger of impure water is a subject to which public at- 
tention cannot be too often nor too forcibly called, and I regret 
that the scope and purpose of this volume prevents the colla- 
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tion and presentation of the mass of exact and unquestionable 
evidence which establishes the fact that water poisoning is a 
fruitful cause of disease and death. "Where wells are neces- 
sarily depended upon, the only means of protecting them from 
contamination which admit of general application are, I believe, 
those suggested in the preceding chapter. 

There should be no permanent woodwork inside a well. It woodwork 
attracts and shelters various forms of animal life, and by its 
decay, which is likely to be rapid, it may give rise to unwhole- 
some conditions affecting the character of the water. It is also curbing, 
desirable that the curbing should be of stone Or brick, and it is 
always a good plan to cover open wells with low, wide-spread- coTers. 
ing roofs of steep pitch, supported on corner posts and inclosed 
on three sides with lattice work. Such roofs, if kept clean and 
in good repair, will be useful in excluding dust, leaves and 
other matters likely to affect the quality of the water. Any- cieanins 
thing falling into a well should be fished out at once, and all 
wells should be cleaned as often as may be necessary. Some 
wells foul more rapidly than others, especially those shaded by 
overhanging trees which drop rain and shed leaves into them. 
The condition of the sides and bottom of an open well can 
always be determined on a bright day by reflecting the sunlight 
into it with a mirror. 

When the character of the formation is such that good water .Artesian 
cannot be reached by open wells of convenient depth, recourse 
is commonly had to the boring of what are known as artesian 
wells. These, though costly, are often of great advantage in 
securing an abundant supply of water in localities where it can- 
not be had at or near the surface. Many wells of this kind 
have been bored in this country within the past few years, 
some of them to a great depth, and the proportion that have 
failed to give an abundant and unfailing supply of water is not 
great. The objections to artesian wells are their great cost and rxncertainrc- 
the uncertainty of striking water of the right kind. At the boring, 
time of this writing there is an artesian well at Reading, Pa., 
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2000 feet deep, costing $22,000, whieli contains 47 grains Ep- 
som salts to the gallon. An artesian well at Fifth and Cherry 
streets, Philadelphia, containing 116 grains of foreign matter to 
the gallon, can only be used to condense steam for the boiler. 
An artesian ^vell in South street, Philadelphia, furnishes water 
not fit for steam. In tlie suburbs of the same city there are 
two artesian wells, each 100 feet deep, but the water of both' is 
so impure that it can only be used for condensing. The water of 
the well at the Continental Hotel is not pure. At Louisville 
there is a well 1649 feet deep, one in St. Louis 2080 feet deep, 
one in South Bend and one in Terre Haute, but the water of 
them all is impregnated with minerals and fit only for medici- 
nal uses. At Atlantic City a number of wells have been bored 
in the hope of getting pure water, but not one yields water fit 
for household use.* Instances have been known where the 
sinking of a second artesian well near one which was yielding 
an abundant supply of water, has not only proved a failure, but 
has for some cause spoiled the first success. Such accidents, 
FaTorawe howcver, are exceptional. The rocks of the paleozoic series 
extend in nearly horizontal strata over the greater part of 
North America, and the geological structure of the continent is 
thus particularly favorable to the general employment of arte- 
Expense sian wclls as sources of water siipply. As the boring of these 
' wells is a special industry, practiced by few and commonly un- 
der the direction of engineers, they are beyond the means of 
most individuals residing in suburban or rural districts. This 
would not be the case, however, were such wells common 
Wells In enough to encourage an active competition for ordere. In the 
^' province of the Artois, France, from which these wells ai'e 
named, the use of boring tools has been practiced for several 
centuries, and although the apparatus employed is of the sim- 
plest and rudest kind, such wells are to be found beside the 
door of nearly every cottage. 

* The statements made in tlie few preceding lines respecting artesian wells 
are based upon information gathered during the winter of 1875. 
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The artesian well seems to afford, in many instances, the only speoiaiutii ty 
solution of the problem of supplying with water small towns weiis. 
which, though not large enough to justify the expense of pub- 
lic water works, are too crowded to render open wells extend- 
ing only to the first water-bearing stratum a safe dependence. 
Such wells, as has been already shown, are continually liable to 
become contaminated by surface water, by house drainage and 
by foul liquid absorbed by the soil. It is usually difficult, and ''''"™ '""' 7*' 

, _ •' ' lage supplies. 

often impossible, for town and village authorities to find within 
practicable distances sufficient supplies of water of suitable 
quahty for home service so situated as to be available. In too 
many instances the water question has been decided without 
due consideration, and, as a consequence, many of our towns 
are supplied with water which the sanitarian cannot but regard 
with suspicion and disfavor. 

A cheap modification of the artesian well is the drive well, DriTe weiis 
made by driving into the ground a metal tube perforated at 
the end and armed with a sharp point. Tlieee wells have be- 
come very popular in this country and are used to a considera- 
ble extent abroad, and they possess certain important advan- 
tages over the old form of open well. The principal objection vGaivanizea 
to wells of this class is found in the general use of galvanized 
iron tubes. No important advantage is gained by coating a 
pipe with zinc which cannot be better secured by other and 
safer methods of protecting the iron against rapid oxidation. 
The great merit of the drive, or driven, well consists in the Advantajes 
ease and rapidity with which it may be sunk. In light, open 
soils, half an hour usually suffices to strike water and have a 
pump going. These wells average in depth with the usual form 
of open wells. They are easily protected against direct contami- 
nation by the inflow of unfiltered surface water, but are as 
liable as open wells to be rendered unwholesome by organic im- 
purities which penetrate the soil and find access to their sources. 

In many parts of the country it is possible to obtain from springs. 

springs a sufficient water supply without the trouble and 
20 
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expense of digging deep -vrells. When unfailing springs of 
Impurities In good Water are at hand, nothing more is to be desired. It 

spring water. ° n n i tit 

does not follow, however, that because the water :n a spring :s 
clear and cold and free from any unpleasant taste, it is fit for 
drinking and household use. As already stated, many danger- 
ous impurities are not apparent to the senses, unless, possibly, 
under the microscope. As springs are altogether fed by 
water which has fallen upon the surface, and as the purity of 
the water they contain depends upon the filtrative power of 
the superficial strata through which it passes, it is extremely 
liable to become contaminated if its course lies through any 
Oases from impurities. In its passage through the lower strata of the 

theatmos- i- i i 

phere. atmosphcrc, water discharged from the clouds as rain absorbs 
oxygen, nitrogen and carbonic acid (the amount averaging 
about 6'93 cubic inches to the gallon), divided about as follows : 
Nitrogen, 64 per cent. ; oxygen, 34 per cent. ; carbonic acid, 2 
per cent. It is also customary, especially in populous districts 
and near cities and large towns, to find a trace of ammonia, 
which is commonly combined with nitric, sulphuric or carbonic 
acid. These dissolved gases are usually held by water in its 
passage through the earth to the reservoirs whence springs are 
fed, and others are taken up, as well as various soluble mineral 
impurities, from the earth itself. The percentage of dissolved 
gases is from two to five times greater in spring water than iu 
rain water, those of most common occurrence in the former 
being oxygen, nitrogen, carbureted hydrogen, sulphuretted 
hydrogen and carbonic acid. The mineral impurities taken 
up by spring waters are so numerous, and differ so widely 
under different circumstances, that it is difficult to make the 
Mineraiim- list complete. The minerals of most frequent occurrence are 
spring waters lime, magnesia, potash, soda, iron and manganese. These are 
usually found as sulphides or chlorides. To what extent the 
quality of the water, as regards its fitness for domestic use, is 
effected by these impurities, depends upon circumstances. 
"What has already been said in preceding pages regarding water 
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analysis is probably sufficient for the non-professional reader. 
Generally speaking, good springs will yield soft, clear water, characteris- 
free from visible impurities and pleasant to the taste. The spring waters 
character of the water can be determined by the methods 
already described. 

When spring water is used for house service or for drinking, The care of 
it is important that the spring from which it is drawn should °*"^"^' 
be frequently and carefully looked after. It should be kept 
clean and free from rank vegetation, and protected against 
contamination by water which has not been filtered through 
the soil. Cattle and horses should not be allowed to trample 
the soil about it, or they will be very sure to pollute it. In 
/"Other words, the spring should be as well taken care of in its 
1 way as the water pitcher which comes to the table. I know a neglected 
an instance in which a family of refined tastes were for years °*' "' 
content to draw all the water they used for drinking and cook- 
ing from a spring choked with rank weeds and mosses, full of 
reptile life, and lying in the middle of a foul mud-bod, kept soft 
by the constant tramping of horses and cattle which were 
allowed free access to it. They had apparently never given the mdifterenco 
condition of the spring a minute's thought, and even when its danger!™ 
bad condition was discovered by a sanitary inspection of the 
premises which followed the outbreak of diphtheria among the 
children of the family, it was difficult to make them under- 
, stand the necessity for reform. 

"What I have said of springs applies in a general way to Ponas, 
ponds, nmning streams and all other available sources of water ^ °"' 
supply for country houses. In the case of streams and of 
ponds fed by streams, it is important to trace them to their 
sources. If a stream flows through swamps or low-lying pas- how streams 
ture lands, or receives the drainage of swamps, stagnant pools ^'® '^''" 
or dwellings, it is fair to assume that safer and purer water can 
be had by digging or boring. If the supply is drawn from a cleaning 
pond, it must be kept clean and free from accumulations of ''°" ^' 
fallen leaves, decaying wood, organic impurities, &c. When 
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the importance of pure water is better understood and appre- 
ciated by the public, and proper means are taken to secure it by 
all who are able to do so, there is reason to believe that the 
death rate in country districts will show a marked falling off 
from present averages. 
Expedients It is sonietimcs impossible for the temporary resident in a 

for the purl- -^ _ _ i ^ 

flcation of country house to obtain satisfactory drinking water. Even 

' though he knows what should be done to secure a supply of 

good water, he cannot always apply his knowledge in carrying 

out necessary reforms, and must perforce take things as he finds 

them. In such cases he can usually neutralize the more dan- 

Danger of im- gerous impurities if he will take the trouble to do so. The 

pure water. 

dangers attending the use of impure water are so great, how- 
ever, that it is scarcely safe to give the information. I 
would impress it upon the mind of the I'eader that methods 
of rendering impure water fit for drinking should only be 
Uncertainty rcsorted to in case of extreme emergency. In all other cases 
tion. total abstinence is the best and indeed the only safeguard, as 
none of the methods which can be employed for rendering it 
less dangerous can be absolutely depended upon. 
Methods, rpi^g means by which water is purified and rendered potable 
may be briefly summarized as follows : 

Filtration through charcoal or iron sponge. 
Oxidation of organic matter by permanganate of potash. 
Precipitation of organic matter with sulphate of iron or 
alum. 

Destruction of organic germs by boiling. 
Charcoal Iq all cascs of suspected impurity the filter should come into 

niters. ^ r J 

use, for fresh charcoal possesses a remarkable power of arrest- 
ing and retaining not only suspended, but even dissolved 
metals and salts. A good charcoal filter, for use on a large 
scale, is made of bone-black ground to a fine powder and 
mixed with IS^orway tar and other combustible materials, also 
in a fine powder. The mass is kneaded into a plastic condition 
with liquid pitch, moulded into blocks and exposed to a great 
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heat. This produces a very porous block, the pores do not so 
soon become clogged, and all the water comes in contact with 
the charcoal. The value of iron as a purifying agent has been 
mentioned in a previous chapter. Iron sponge, when used asironeponge 
a filter, renders important service in oxidizing organic impuri- 
ties, but it is dissolved slowly and carried away in the form of 
a soluble carbonate ; hence it must be followed by another 
filter to hold this back — say one of marble dust. 

For the partial purification of water on a small scale the penuangan- 
most convenient agent is, probably, permanganate of potash. *** ° ''° "' " 
This should be added until a faint pink tint is seen in the 
water. Time is then allowed for visible impurities to settle 
and the water is decanted for use. This has been recom- 
mended as a certain method of freeing water from organic 
impurities, but it is by no means a sure dependence. Accord- vitality of 
ing to Henri de Parville, animalculae remain in full life and fn'wato"f^ 
vigor in water to which permanganate of potash has been added 
in large proportion. Hence, too much dependence should not 
be placed upon it. 

For the purification of water on a large scale the neutral Neutral su;- 
sulphate of peroxide of iron maybe used with good results, oxwe of fTOc. 
The proportion in which this solution is to be added to the 
water is determined by the degret of impurity to be removed ; 
and the proportions suitable must therefore be determined by 
careful experiment, practiced from time to time if the impurity 
of the water is found to vary. The water to be purified may 
be run into a tank or reservoir, and the solution of neutral sul- 
phate added as it runs in, so that it may be well mixed with 
the water. A short time after the neutral sulphate is added to 
the water it becomes decomposed, and forms, with some of 
the impurities contained in the water, a basic salt which is 
insoluble in water. The solid and insoluble particles of this 
new salt are precipitated, and, together with the impurities 
contained in the water, form a sedimentary deposit, from 
which the purified water may be allowed to run off, leaving 
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the deposit in the tank or reservoir. A repetition of this pre- 
cipitating process on other bodies of water which may be run 
into the same tank or reservoir, will cause additional deposits, 
which, when allowed to accumulate to a sufficient depth, 
may be collected and removed from the reservoir from time to 
time. 
Boiling. "Whether the boiling of water is efficacious as a means of 
destroying animal and vegetable organisms and their germs, has 
been much discussed among those claiming to be authorities on 
the subject. It is enough to say that there ip no difference 
of opinion as to its being the best and surest way at this 
time known of effecting the purification of water containing 

Destraotion Organic matter. Animalculse are not salamanders, and after we 
have destroyed their life we can, if we like, complete the pro- 
cess by cremating their eorjjses with permanganate of potash, 
precipitate them with alum or iron, or strain them out with a 
charcoal filter. 
Kestortog After Water has been boiled it should be cooled for 24 hours 
boiled water, or lougcr in a cold cellar, to restore its "freshness" and 
remove the "flat" taste. It is impossible, however, to make 
it as agreeable to the palate as water which has never been 

whyboued boiled. The reason for this is that boiling has expelled all the 

water is cj a. 

"flat." free carbonic acid, beside^' decomposing the bicarbonates of 

the alkalies and alkaline earths, leaving the monocarbonates 

Unpleasant behind. Another reason for the disagreeable taste which 

taste and *" 

smell, often belongs to boiled water is found in the fact that some 
of the organic matter is decomposed, partly by heat and partly 
under the influence of the carbonated alkalies, giving rise to 
compounds of unpleasant taste and smell. When the charac- 
ter of the organic impurities is such that they make the water 
disagreeable, it is probable that the difficulty will be reme- 
died by adding an acid before boiling. To restore the free car- 
bonic acid and render the water " lively," bicarbonate of soda 
may be employed, 
citric acia. The best acids to employ are probably citric and hydro- 
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chloric. If tlie former is used, care must be taken not to sub- 
sequently add enoiigli bicarbonate of soda to make tbe water 
neutral to test paper, as that would prevent any appreciable 
improvement in the flavor. The taste is a safe guide. Enough Method of 
acid is added to give the water a sharp and unpleasantly 
sour taste ; the water is then boiled, and after cooling neutral- 
ized until the unpleasant acidity has given place to the refresh- 
ing taste of the acid salts. When hydrochloric acid is used. Hydrochloric 
less than 58 grains to the gallon is amply sufficient, but it is 
of great importance that it should be free from thallium and importance 

.... . . . . . o* pnrlty- 

arsenic, nitric acid, chlorine and sulphurous acid — impurities 
often found in the liydrochloric acid of commerce. For this 
and other reasons the process cannot be recommended unless 
employed under the direction of a chemist. Citric acid is much 
simpler and probably safer. 

The taste of water not positively offensive after boiling can Teaasafla- 
usually be sufficiently disguised to render it agreeable to most bouedwater. 
palates by pouring it upon tea leaves. Cold tea, when not 
too strong, is an agreeable and refreshing beverage, and may be 
used moderately without hurtful results. I should doubt its 
advantages as a steady drink, but should at any time prefer it 
to unboiled, impure water. Iced tea has become a very popu- 
lar summer beverage, and while usually taken much stronger 
than is necessary to disguise the flavor of water, it is often 
preferable to ice water. 

As I said in the introduction to the concluding remarks of Abstinence 

, . 1 , ., , , ,. .... » . from Impure 

this chapter, the best precaution against injury from impure waterthobest 
Avater is not to use it. !N^o one can afford to be indifferent 
to the dangers of water poisoning, and when hurtful impuri- 
ties are known or suspected in water, no trouble or expense 
should be spared to secure a better supply. When this is 
impracticable for any reason, the person compelled to use 
impure water may have temporary recourse to whichever of 
the expedients for purifying it suggested in the preceding 
pages he may find most convenient. 



CHAPTER XII. 

Suggestions Coitcerning the Sanitaey Caee of Peemises. 

It has not been the author's intention in writing this book to 
make it a manual of sanitary science, but a few remarks on the 
sanitary care of premises will not be out of place, as it not 
infrequently falls to the lot of those for whom this work is 
intended to deal with tinhealthful conditions existing outside 
of the pipe systems of houses. 

cieaniinese. The first cssontial condition of healthfulness is cleanliness. 
The shovel, the broom, soap and water, sunshine and ventila- 
tion, are the agents upon which we must mainly rely in guard- 
ing against unhealthf ul conditions in our surroundings. How, 
when and where the broom, shovel and scrubbing brush need 
Dirt, to be employed, the reader must decide for himself. I can 
only say in a general way that anything and everything which 
can be properly classed as " dirt " should be put where it be- 
longs. It will then cease to be dirt. There are few things so 
dangerous that we cannot rob them of their power for mischief 

Decaying or- by putting them in their proper places. Decaying animal and 
vegetable matter of all kinds should be carefully composted 
and used for manure. We thus return it to the earth where it 
belongs, and its elements remain in the soil and are taken up 
and assimilated by vegetation. Under these circumstances 
decaying organic matter fulfills its ultimate functions, and in so 
doing is powerless for harm. This of course applies especially 
to country houses. In cities there is neither opportunity for 
composting nor use for manure; but the conditions are also 
different, in that the occupants of city and town houses can 
N'egieot of usually dispose of all organic refuse without difliculty. Unf or- 
cities. tunatcly, however, we often see in cities a gross neglect of san- 
itary laws, resulting in great part from the ease with which 
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filth can be got rid of. The foul, offensive ash barrel standing 
unattended to for hours under our parlor windows, and the sour 
and sickening swill pail perfuming our back areas or awaiting 
on the curbstone the arrival of the scavenger's cart, are evils 
peculiar to cities, and, I think, more noticeable in New York 
than anywhere else. I have often suffered severe nausea when Ash, swui 
walking through elegant streets in the upper wards of New receptacle.^. 
York, caused by the horrible smell of ash and garbage recep- 
tacles strung along the sidewalk about ten paces apart. As the 
rule these vessels are barrels or firkins, which readily absorb 
and retain a share of the foulness they contain, and which are 
rarely cleaned out or disinfected. In most families a barrel Ash batreis. 
once dedicated to this ignoble service remains in use until ,it 
falls to pieces from rottenness or is fortunately stolen by street 
gamins to feed election-night bonfires. During ten hours of 
the day these receptacles stand beside the kitchen doors or un- 
der the. front stoops. They are set out at nightfall on the curb- 
stone, emptied when the ash and garbage men come around, 
arc by them replaced on the curbstone and, at the convenience 
of the housekeeper or servant, reclaimed. Many houses, espe- Garbage wns. 
cially those occupied by several families, have large permanent 
iisli bins on the sidewalk. These are wooden boxes with one 
side cut down to make it more convenient to partially empty 
them with a shovel. They are seldom or never cleaned, and as 
they are receptacles for more different kinds of nastiness than 
could be named, they soon become in summer disease-breeding 
nuisances. They are only worse than the typical ash barrel 
because larger. 

The only vessels suitable for this service are those made of oaivanizea- 
galvanized iron. As they are emptied every twenty-four hours, receptaciea. 
there is no excuse for the offensiveness which almost invariably 
characterizes them. There are but few things in the waste of 
a house which enter the garbage receptacle in a state of decom- 
position, and when such a receptacle stinks it is evident that it 
is neglected. An occasional — if necessary a frequent— scalding 
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out, followed by a thorougli scrubbing with a broom and an 
airing in the sun, will correct any tendency to ofEensiveness in 
a metallic vessel, and go far toward reforming an evil the exist- 
ence of which is a perpetual surprise. 
Sanitary care The Sanitary care of a house should in all cases extend to the 

o( cellars. n t t 

cellar. In a previous chapter I had something to say on the 
subject of country cellars. The same remarks apply with even 
greater force to the cellars of city dwellings. As the rule these 
Refuse in are ncglccted. Yegetables not fit for use are allowed to remain 
in them and decay ; dirt of all kinds accumulates in dark cor- 
ners ; coal dust, always damp, gives off sulphurous gases which 
' are peculiarly irritating to the throat and lung passages ; mold 
gathers on floor and walls, and foul and unhealthy conditions 
exist in every part. When such cellars are cleaned out the 
amount of rubbish and dirt removed is a ten days' wonder to 
the householder, but he consoles himself with the reflection 
that it will not again need cleaning for a very long time. Con- 
sidering the condition in which a large proportion of city and 
town house cellars are allowed to remain from one year's end to 
another, there is no occasion for the surprise often felt at the 
mortality tables and the prevalence of diseases which have no 
excuse for being. 
Disinfection. When everything has been done in the way of cleansing and 
purification which is possible with broom, shovel, clean water, 
fresh air and sunshine, it is sometimes necessary to have recourse 
to disinfection as a means of correcting unwholesome conditions. 
As there exists a very general misapprehension outside of the 
medical profession with regard to what are known as disinfec- 
tants and their uses, some remarks on this subject may have 
interest and value for practical people. ^ 

prof-Bakeron In a letter from Prof. II. M. Baker, a chemist who has given 
uisinfectants. j^^^j^ attention to this subject, addressed to Surgeon II. M. 
Wells, of the U. S. Navy, the theory of disinfectants is so well 
presented that I cannot do better than quote therefrom. Prof. 
Baker says: 
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" As tlie action induced in the process of ' deodorizing,' 
' disinfecting,' &c., varies according to the agent employed, it 
is impossible to make a general rule applying to all substances 
possessing such characters, but one may acquire a general 
knowledge of their mode of operation upon special well-known 
principles. 

" It is a theory of chemistry that any body of organic consti- Decomposi- 

• n./. fl ' 1 1 • \»T' tlonofor- 

tution (especially ii one of its elements be nitrogen) is subject ganio matter. 
to enter into spontaneous decomposition under mild influences, 
such as a certain range of temperature, the presence of moisture, 
the action of direct or diffused light, or contact with another 
body of like feeble structure. The reason for such properties 
is founded upon the fact that, for the most part, the greater 
the number of chemical elements existing in combination to 
form a particular body the more feeble becomes the chemical 
a;ffinity that compels such combination, and should nitrogen be 
one of those elements then the chemical constitution is rendered 
very much less stable, because nitrogen is very feeble in all its 
affinities. Those bodies which emit foul odors are of organic 
structure, and it is during the progress of what we call ' spon- 
taneous decomposition ' that these odoriferous compounds are 
evolved ; so that any substance placed in contact with the de- 
composing matter, which arrests chemical dissolution or putre- 
faction by displacement, substitution, elimination, direct com- 
bination, mutual decomposition, or by inducing a change of 
molecular structure, or catalysis, thereby forming a new and 
stable compound, may justly be styled a ' deodorizer.' 

" The bodies of most frequent occurrence, and that exist in oitonsiTe pro- 
excessive quantities, which exhale offensive odors during decom- composition. 
position, are the animal and vegetable tissues — as albumen, gela- 
tine, fibrine, caseine and a vast number of nitrogenous com- 
pounds from the blood, bile and excrementitious substances at 
slaughter-houses and provision stores, and also faecal and urinary 
matter in water-closets, urinals, &c., besides the unexamined 
products of decomposition in cesspools, sinks, offal barrels, 
casks and the like. 
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Infections "The term 'disinfectant' is often employed as though it 
tagions. indicated or implied anti-infection, but it seems that its mean- 
ing might with propriety he extended to substances which 
induce the chemical destruction of, or removal from, infected 
tissues of virulent matter. Some infections are of local and 
others of a general character and may be communicated by 
contact, but many contagions are supposed to be transmitted by 
the atmosphere to the lungs, where the poisonous matter meets 
the blood, and thereby finds food which it appropriates to its 
own growth, against the faithful protest of the vital powers. 
Power oi " The power of virus is chemical in its character; so if the 
' vital forces are in a depressed condition it is most probable the 
chemical forces will acquire the mastery, although an active 
strife exists between the two. No positive knowledge prevails 
as to the origin of infecting bodies, nor any proofs of distinct 
characteristics except in the effects manifested. The venom of 
the reptile differs from the virus of rabies and variola, and 
these three again from the carcinoma of the cancer. 
Anti-infeo- " Au ' anti-inf ectant ' cannot be indicated through the aid of 
' reason until a sufficient quantity of the isolated contagious 
matter can be procm-ed for the investigation of its properties ; 
so we must content ourselves with the employment of those 
agents which experiment and observation proclaim most trust- 
worthy. 

Disinfectants. " A ' disinfectant ' should possess the property of destroying 
the chemical structure of virus and thereby produce in its stead 
a body with inert characters, and consequently afford the natu- 
ral chemical and vital forces an opportunity to pursue their 
regular vocation or function of removing effete matter, and 
replenishing the exhausted tissues unobstructed." 
ECBcacyof Concerning the efficiency of the various disinfectants avail- 

prepOTatioM. able f or genei-al use it is difficult to speak with confidence in 
all cases. The opinions of experts in sanitary matters seem to be 
iindergoing a gradual change, as conclusions formed in the labo- 
ratory are contradicted, modified or confirmed by practical expe- 
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rienee, or vice versa. I can only give my own opinions, formed 
in part from practical experience in the use of many of the dis- 
infectants generally employed, but still more from a study of 
the results obtained by eminent and trustworthy experimenters. 

What are known under the general name of disinfectants 
may be classified as follows : 

1st. Positive disinfectants, which destroy or restrain inf ec- positive dL%- 

infectants. 

tious Virus. 

2d. Antiseptics, which merely prevent or arrest fermentation Antiseptica. 
and decay. 

3d. Deodorants, absorbents, &c., which destroy bad smells, Deoaorants. 
deodorize putrid exhalations, or absorb moisture and gases. 

As the functions of these several chemical preparations are 
quite distinct, it is important that, before selecting one for use 
under given conditions, we should know just what we want to 
accomplish. In certain cases two or more kinds of disinfecting 
material may be advantageously combined, but such admixture 
must be made by persons familiar with their properties or uses 
or there is danger of defeating the object sought by bringing 
in contact substances which neutralize each other and together 
become inoperative. 

Carbolic Acid. — This is one of the most generally used of carbouo acid., 
the positive disinfectants, but it has lately fallen into some dis- 
repute among chemists. It is probable, however, that the lab- 
oratory tests have not in all cases been made, under conditions , , 
which determine its general value for use in the sanitary polic- 
ing of premises. Employed in solution, carbolic acid is a 
powerful destroyer of the lower animal organisms. Solutions 
of one part to 2000 parts of water kill infusoria and bacteria 
instantly ; 2 milligrams (0-03 grains) will stop fermentation in 
100 c. c. of sugar solution. In another experiment where its powers 
meat was kept underwater, in three days it was very turbid of empioy- 
and there were numerous bacteria. In a solution of one part car- "'°" " 
bolic acid to 10,000 parts of water, the meat began to decom- 
pose in six days ; but in a solution of one part in 2000 it did 
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not putrefy until the expiration of five weeks, when all the 
acid had evaporated. In water containing 1 per cent, of car- 
bolic acid, at the end of eight weeks the meat had the appear- 
ance of fresh meat, and no bacteria could be detected. From 
a practical point of view there is probably nothing so well 
adapted as carbolic acid to prevent the evolution of putrefying 
and infectious organisms in large masses of readily decompos- 
ing matter (such as excreta and sewage), until they can be 
removed and rendered harmless in other ways. 

For employment as a disinfectant it may be diluted by add- 
ing from 40 to 100 parts of water to one part of acid. It may 
then be sprinkled upon garbage or decaying organic matter, 
upon unclean surfaces, in drains and elsewhere with good re- 
sults. A more perfect solution of carbolic acid in water is 
secured by adding one part of strong vinegar to one part acid. 
This is only necessary or desirable, liowever, when clothing or 
other fabrics are to be washed in the solution. 

Coal tar Both carbolic and cresylic acids are coal tar products, and are 

prodnctB. ^^^ properly acids but alcohols. Coal tar itself is useful in 

many ways as a disinfectant, and if mixed with sawdust or dry 

lime may be employed with advantage in foul places or upon 

heaps of decaying refuse. 

sulphate Sulphate of Iron and Sulphate of Zinc. — These salts possess 
well-known properties as positive disinfectants. The former is 
expressly recommended, in admixture with carbolic acid, for 
the disinfection of privies, cesspools, drains, sewers, and all ves- 
sels or places where discharges from the sick are evacuated. 
The sulphate of iron (copperas) is dissolved in Avater in the pro- 
portions of eight or ten pounds of the former to five gallons of 
the latter, and half a pint of fluid carbolic acid is added. In 
using this preparation for the disinfection of privies, sewers, 
drains or garbage heaps, pour in or throw on the solution, a pint 
or so at a time, about once an hour until tlie nuisance is cor- 
rected. 

Sulphate Sulphate of zinc solution is made by dissolving two ounces 
of the salt in a gallon of water. It is chiefly useful for disin- 
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fecting clothing, bedding, &c., and answers as a temporary ex- 
pedient until they can be more thoroughly cleansed by boiling. 

Permangcmate of Potash. — As a disinfectant, permanganate permangan- 
of potash is of very little value, although favorably regarded by *'*°* ^° °^' 
some. Schroter has observed that infusoria swim around for a 
long time in the strongest solutions of this substance ; then these 
organisms turn brown inside and die. Teast cells act in a simi- 
lar manner, while the spores of mold fungi germinate even in 
the strongest solutions. Bacteria are killed in concentrated 
solutions without turning brown ; in solutions of 1 to 1,000, on 
the contrary, they increase. The effect of permanganate is still 
further weakened by first acting upon decomposed organic mat- 
ter, and is thereby decomposed. For example, if a piece of 
fresh meat is put into a solution of permanganate of potash, its 
surface becomes brown, the solution is soon decolorized and the 
permanganate is decomposed. The water then extracts sub- 
stances from the undecomposed meat ; bacteria appear, multiply 
rapidly, and the meat is further attacked. On account of the 
large mass of decomposed organic matter, a great quantity 
of permanganate is required for its repeated disinfection, and 
still after one or two days there is a large increase of bacteria — 
turbidity and the odor of decay reappearing. In spite of the 
use of large quantities of this disinfectant, the meat spoils 
almost as rapidly as in pure water. Permanganate of potash 
may, therefore, be used with profit for washing out wounds, but 
for disinfecting filth it is totally unsuitable. 

QuioMime and Chloride of Lime. — As an absorbent of moist- Qutcuime 
ure and putrid fluids, quicklime is good. Fresh stone limo 
should be broken into small pieces — the smaller the better — 
and sprinkled on the places to be dried. Sick rooms, stables, 
outhouses, &c., may be greatly purified by whitewashing them 
with lime, but little or no benefit is derived from kalsomining. 
The free use of lime may be recommended, but the admixture 
of whiting, chalk, glue or any other of the substances usually 
employed to improve the whiteness or insure the adhesion of 
lime, will do much to neutralize the benefits of limewash. 
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Chloride The value of cliloride of lime is doubtful. It gives off chlo- 

ot lime. ^.^^^ -v^rhicli is supposed to form stable compounds ■with the 
products of decomposition in bodies containing nitrogen, but it is 
Chlorine gas. doubtful if the resulting compounds are at all stable. Further- 
more, dry chlorine gas has no effect upon the lower organisms, 
and it is totally useless to fumigate clothing with chlorine. Its 
disinfecting action upon liquids, excretia, and the like, is insuffi- 
cient, and yery rapidly exhausted. 

Charcoal. Charcool. — As au absorbent of foul gases and a general puri- 
fying agent, charcoal is invaluable. It should be fresh and dry 
to give the best results. Voelcker says of charcoal : " It pos- 
sesses the power not only of absorbing certain foul smelling 
gases — sulphuretted hydrogen and ammonia — but also of de- 
stroying the gases thus absorbed ; for otherwise its purifying 
action would soon be greatly impaired. It is very porous, and 
its pores are filled with condensed oxygen to the extent of eight 

oxygeD. times its bulk. We have, therefore, in charcoal, oxygen gas in 
a condensed form and more active condition than in the 
air we breathe ; hence it is that organic matter in contact with 

Pores of charcoal is so rapidly destroyed." Liebig says that " a cubic 
inch of beechwood charcoal contains pores equal in area to 100 
feet." The oxygen contained in these pores attacks and burns 
up whatever is absorbed into them, and as the powers of char- 
coal are self-renewing, it will retain its properties for a very 
long time. It should be used whenever there are noxious ex- 
halations to be absorbed and destroyed. 

This by no means concludes the list of disinfectants in use, 
but from those recommended the reader can select one or 
more which will be of service as an aid in sanitary work. This 
book is intended chiefly for practical people who are not likely 
to venture any difficult experiments, and who would, as the 
rule, have difficulty in procuring other disinfecting agents than 
those above noted. During the past few years a number of dis- 
infecting fluids have been introduced into use, and are usually 
sold by dispensing druggists. They are somewhat costly, con- 
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sidering the value of the materials employed in making them ; 
but, so far as my experience goes, they are convenient for use 
on a small scale, and will accomplish all that any disinfectant is 
capable of if used as directed. 

In the reports of the Medical Officer of the Privy Council Dr. Baxter on 

^ " disinfectants. 

and Local Government Board (New Series No. VI) for 1875, 
is given an elaborate report by Dr. Baxter on the experimental 
study of disinfectants, which is probably the most valuable of 
recent contributions to the literature of this subject. I have 
only space for his conclusions, which are as follows : 

I. Evidence has been adduced to show that carbolic acid, sul- Trnemsm- 

fectants. 

phur dioxide, potassic permanganate and chlorine, are all of 
them endowed with true disinfectant properties, though in very 
various degrees. 

II. It is essential to bear in mind that antiseptic is not syn- Antiseptics, 
onomous with disinfectant power ; though as regards the four 
agents enumerated above, the one is, in a certain limited sense, 
commensurate with the other. 

III. The effectual disinfectant operation of chlorine and po- cMonne and 
tassic permanganate appears to depend far more on the nature at™/p^^h. 
of the medium through which the particles of infective matter 

are distributed than on the specific character of the particles 
themselves. 

IV. "When either of these agents is used to disinfect a viru- Their action, 
lent liquid containing much organic matter, or any compounds 
capable of uniting with chlorine, or of decomposing the per- 
manganate, there is no security for the effectual fulfillment of 
disinfection short of the presence of pure chlorine or unde- 
composed permanganate in the liquid after all chemical action 

has had time to subside. 

V. A virulent liquid cannot be regarded as certainly and suipunrons 
completely disinfected by sulphur dioxide unless it has been 
rendered permanently and strongly acid. The greater solubil- 
ity of this agent renders it preferable, omteris paribus, to chlo- 
rine and carbolic acid for the disinfection of liquid media. 

21 
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carbouo acid. VI. No Virulent liquid can be considered disinfected by car- 
bolic acid unless it contain at least two per cent, by weight of 
the pure acid. 

VII. When disinfectants are mixed with a liquid it is im- 
portant to be sure that they are thoroughly incorporated with 
it ; that no solid matters capable of shielding contagion from 
immediate contact with its destroyer, be overlooked. 

Disinfecting VIII. Aerial disinfection, as commonly practiced in the sick 
room, is either useless or positively objectionable, owing to the 
false sense of security it is calculated to produce. To make the 
air of a room smell strongly of carbolic acid by scattering car- 
bolic powder about the floor, or of chlorine by placing a tray of 
chloride of lime in a corner, is, so far as the destruction of spe- 
cific contagion is concerned, an utterly futile jDroceeding. 

Virus In jir. IX. When aerial disinfection is resorted to, the probability 
that the virulent particles are shielded by an envelope of dried 
albuminous matter, should always be held before the mind. 
Chlorine and sulphur dioxide are both of them suitable agents 
for the purpose; the latter seems decidedly the more effec- 
tual of the two. The use of carbolic vapor should be aban- 
doned, owing to the relative feebleness and uncertainty of its 
action. Whether chlorine or sulphur dioxide be chosen, it is 
desirable that the space to be disinfected should be kept satu- 
rated with the gas for a eel-tain time, not less than an hour ; and 
this in the absence of such gaseous compounds as might com- 
bine with or decompose the disinfectant, and so far impair its 
energy. 

Disinfection X. When the thorough disinfection of a mass of solid or 
°n i^sel liquid matter through which a contagium is disseminated is 
impracticable, we should guard against giving a false security 
by the inadequate employment of artificial means. It is proba- 
ble that all contagia disappear sooner or later under the influ- 
ence of air and moisture, and that the absence of these influences 
may act as a preservative. When, therefore, we cannot advan- 
tageously or efiectually supersede the natural process of decay. 
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we must be sure that we do not hamper it by the injudicious 
use of antiseptics. 

XL Dry heat, when it can be applied, is probably the most Heat 
efficient of all disinfectants. Eut, in the first place, we must 
be sure that the desired temperature is actually reached by every 
particle of matter included in the heated space; secondly, 
length of exposure and degree of heat should be regarded as 
mutually compensatory factors within certain limits. 

In conclusion Dr. Baxter says : " The above statements are dj.. Baxter's 
not so discouraging as they may appear at the first glance to "°'"'''^"'°'' 
our reliance upon artificial disinfection. If we believe that all 
contagia are generated, like those of small pox and scarlet 
fever, in the infected organism, and there only, the outlook is 
a hopeful one. We might even anticipate an approach to the 
perfect fulfillment of the work of disinfection by submitting 
all matters, immediately after their removal from the affected 
person and before any dilution or admixture, to the full influ- 
ence of one or other among the destructive agencies at our 
command. On the other hand, if the contagium of any disease Generation of 
is capable of being generated de novo, outside the body"™ "™' 
(pythogenic origin of enteric fever, typhus created by over- 
crowding) such contagium can hardly be eradicated by any 
method of artificial disinfection. For cases of the latter kind 
the opening words of the memorandum previously referred to 
furnish the only solution : ' It is to cleanliness, ventilation and conditions 
drainage and the use of perfectly pure drinking water, that 
populations ought to look mainly for safety against nuisance 
and infection. Artificial disinfectants cannot properly supply 
the place of these essentials, for, except in a small and peculiar 
class of cases, they are of temporary and imperfect useful- 
ness.' " 

A committee appointed from the St. Petersburg Medical Russian re- 
Academy by the Eussian government to investigate the same infection.* 
subject (antiseptics and disinfectants), arrived at the following 
conclusions : 
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1. Carbolic acid is the most efficient means against the 
development of ammoniacal gas, putrescence and development 
of lower organisms in organic matter under decomposition, and 
is, therefore, the best antiseptic. 2. Yitriol, salts of zinc and 
charcoal are the best means for deodorizing matter under putre- 
faction. 3. The powders of Prof. Kittarj, besides the proper- 
ties they share in common with other carbolic disinfectants, 
deserve attention because of the isolated state of phenol in them 
and their contents of quicklime, which absorbs moisture — the 
principal condition of each kind of putrefaction — as also some 
part of the gases. 6. Chloride of lime and permanganate of 
potash quickly destroy the lower organisms in putrid liquids. 
7. The disinfectants certainly retard the putrid processes in 
organic bodies, but their influei'.ce is only temporary. As a 
means of purifying air in dwellings their influence is very 
small, if not totally nil, because of the very small degree of 
concentration of their ingredients that can be used without 
injuring the health of inhabitants. 8. For uninhabited build- 
ings the best disinfectants are nitrous acid and chlorine. 

Duterence of It wiU be noticod that there are some points of difference 
opinion re- between Dr. Baxter's conclusions and those reached by the St. 

'"iiSeotants! Petersburg committee. In the words of the proverbial conun- 
drum, " "When doctors differ who shall decide ? " The whole 
literature of the subject is as full of contradictions and differ- 
ences as the conversation of a tree full of katydids on a summer 
night. 

N.T. Board In a "Memorandum on Disinfection," issued by the New 
' York Board of Health in 1868, the following recommendations 
are made : 

Disinfection " To disiufcct privics, water-closets, close stools, bed-pans, &c., 

of excrement ^ ^ , 

use solution of copperas and carbolic acid. 
Damp places. « Xo disinfect cellars, vaults, stables or any damp, offensive 
places, use quicklime, charcoal, copperas or carbolic acid. 
Living and " For sick rooms, bedrooms and closets, cleanliness, good 
rooms, ventilation, quicklime and charcoal. 
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" To disinfect a privy, use copperas and carbolic acid solutions, 
mixed as above described, to the extent of two or three pints to 
every cubic foot of filth treated." 

These directions, though probably not in accordance with 
the best practice of sanitary experts at this time, are simple, 
practical and easily followed, and for this reason I have given 
them in condensed form. 

In the use of disinfectants we should remember that they 
are at best a very uncertain dependence. In operation I can stay of pro- 
only compare them to the legal document known as a " stay "^^ ^"' 
of proceedings," which does not set aside the judgment of the 
court, but merely arrests for a time the execution of its decree 
to afford time for fuller inquiry or for appeal to a higher court. 
Like the " stay of proceedings," the disinfectant is operative 
for a time only. We arrest decomposition and stop a nuisance 
for a time by this means, but if we do nothing more, the dan- 
gerous processes we seek to avert will go on as before. In the sanitary 
meantime we must attack the evil by more vigorous and per- pre^L? 
manent means. The decomposing matter must be removed 
to some place where decomposition can go on safely ; the foul 
drain or cesspool must be cleaned out and ventilated ; the hor- 
rible privy vault must be emptied, purified and filled with 
clean, dry earth, and the privy transformed into an earth 
closet ; the offensive water-closet must be put in order or abol- 
ished — in a word, we must remove filth, abolish dirt and cor- 
rect all conditions of known or suspected unhealthf ulness. Dis- 
infectants will not do this. Dr. John Simon, Chief Medical Ofii- Dr. simon. 
cer of the Privy Council of the Local Government Board of 
Great Britain, in his able memoir on " Filth Diseases and their 
Prevention," says with much of grace as well as force : " To Limitation of 
cliemically disinfect (in the true sense of that word) the filth 
of any neglected district, to follow the body and branchings of 
the filth with really effective chemical treatment, to thoroughly 
destroy or counteract it in muck heaps, and cesspools, and ash 
pits, and sewers, and drains, and where soaking into wells and 
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where exhaling into houses, cannot, I apprehend, be proposed 
as physically possible, and the utmost which disinfection can 
do in this sense is apparently not likely to be more than in a 
certain class of cases to contribute something collateral and 
supplementary to efforts which mainly must be of the other 
sort. This opinion as to the very limited degree in which 
chemistry can prevail against arrears of uncleanliness does not 
at all discredit the appeals which are constantly and very prop- 
erly made to chemistry for help in a quite different sphere of 
operation — with regard, namely, to the management of indi- 
vidual cases of infectious disease, and to the immediate disinf ec- 
soientiflo tion of everything that comes from them. In this latter use of 
infeotants. disinfectants everything turns on the accuracy and completeness 
with which each prescribed performance is done ; but such 
accuracy and completeness are, of course, only to be insured 
when operations are within well-defined and narrow limits, and 
in proportion as disinfection pretends to work on indefinite 
quantities or in indefinite spaces it ceases to have that practical 
meaning. Again and again in the experience of this depart- 
ment a district has been found under some terrible visitation of 
enteric (typhoid) fever from filth infection operating through 
house drains or water supply, but with the local authority inac- 
tive as to the true cause of the mischief, and only bent on prac- 
ticing about the place, under the name of disinfection, some 
futile ceremony of chemical libations or powderings. Conduct 
such as this, referring apparently rather to some mythical 
' epidemic influence ' than to the known causes of disease, and 
savoring rather of superstitious observance than of rational 
recourse to chemistry, is eminently not that by which filth dis- 
eases can be prevented, and contrasting it, therefore, with 
means by which that result can be secured, I would here 
specially note a warning against it." 

With regard to the sanitary policing of premises Dr. Simon 
says : 
Sanitary eare " Where vcr humau beings are settled for residence the 
"'and'ia^S cleanliness which is indispensable for healthy life can only be 
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secured by strict method. Even where houses stand singly and 
with wide space around them, the householder cannot safely 
neglect that sanitary obligation with regard to the refuse of his 
own household — the slop waters, cooking waste, various house 
sweepings, the human faeces and urine, the excrements of 
domestic animals, &c. ; and the obligation becomes more and 
more important in proportion as dwellings are gathered to- 
gether in comparatively small areas." 

A very practical country physician was once asked by a 
neighbor who was not over particular as to the condition of his 
premises, what would be the best disinfectant to get for use 
before hot weather came on. 

" I will give you a prescription if you will get it filled and a practical 

•i. )> -J J.T. J i. prescription. 

use it, said the doctor. 

This was agreed to and the doctor wrote as follows : 

9:. Eake 1 

Shovel 1 

Wheelbarrow 1 

/Siff. Use vigorously every 24 hours until relieved. 
The hint was taken and the premises were cleaned up. Sun- 
shine did the rest. 



CHAPTEE XIII. 

The Pltjmbee and His Woek. 

Popular ' There is probably more gratuitous abuse of one kind or' 
plumbers, another lavished upon plumbers than upon all the other me- 
chanics directly or indirectly connected with the building 
trades. The person who buys or leases a cheap house is not 
commonly surprised to find it badly built in every part. If the 
floors warp and shrink away from the surbases ; if the doors 
spring, the windows stick and the moldings drop off, we shrug 
our shoulders and console ourselves with the reflection that, if 
people will build cheap houses they must expect that cheap ma- 
terials and cheap workmanship will be put into them. We 
never think of assuming that the carpenters did not know their 
trades, or would not have done good work if they had been 
paid for it; and when repairs are needed we send for some- 
unfair bodv who cau make them. When, however, we find a house 
badly piped, we seem to take it for granted that the plumber 
who did the work was an ignorant fool. As repairs become 
necessary, our spite against the individual plumber who piped 
the house by contract extends to the whole trade. We send 
for them under protest, growl at their bills, denounce them as 
frauds and swindlers, and wish we could make our home on 
some barren isle in mid-ocean and forever escape their misera- 
ble swindles and exactions. When the plumber whom we call 
in to mend the pipe in some inaccessible place lias to tear up 
our floor or break down our walls, we never think of blaming 
Blame where the architect Or the builder. The unfortunate plumber takes it 
belong, all, and if he is not rendered unhappy by the consciousness that 
he is not loved by the public, it is probably because he is quite 
indifferent to what people think of him so long as they pay 
him his bills. They wiU come after him fast enough when his 
services are needed. 
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Popular writers wlio are constantly seeking targets for tlieir xhopinmb- 
wit — which consists very largely in exaggerating the vexations literature. 
and annoyances of daily experiences and magnifying the com- 
monplace — ^liave done not a little during the past few years to 
make the public regard plumbers as the natural enemies of all 
mankind. An example of 'this kind of literature, which has the 
exceptional merit of being witty and not ill-natured, occurs in i 
the very popular book entitled, " My Summer in a Garden," 
from which I quote as follows : 

" And, speaking of a philosophical temper, there is no class cancaturingf 

/. 1 .. -i-i.-i/*i* 1. *^® trade. 

01 men whose society is more to be desired for this quality 
than that of plumbers. They are the most agreeable men I 
know, and the boys in the business begin to be agreeable very 
early. I suspect that the secret of it is that they are agreeable 
by the hour. In the dryest days my fountain became dis- 
abled ; the pipe was stopped up. A couple of plumbers with 
the implements of their craft came out to view the situation. 
There was a good deal of difference of opinion about where the 
stoppage was. I found the plumbers perfectly willing to sit 
down and talk about it — talk by the hour. Some of their 
queries and remarks were exceedingly ingenious, and their gen- 
eral observations on other subjects were excellent in their way, 
and could hardly have been better if they had been made by 
the job. The work dragged a little, as it is apt to do by the 
hour. The plumbers had occasion to make me several visits. 
Sometimes .they would find, upon arrival, that they had forgot- 
ten some indispensable tool, and one would go back to the shop 
a mile and a half after it, and his comrade would await his 
return with most exemplary patience and sit down and talk — 
always by the hour. I do not doubt but it is a habit to have 
something wanted at the shop. They seemed to be very good 
Avorkmen, and always willing to stop and talk about the job or 
anything else when 1 went near them. Nor had they any of 
that impetuous hurry which is said to be the bane of our 
American civilization. To their credit be it said that I never 
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observed any of it in them. I think they have "very nearly 
solved the problem of life. It is to work for other people, 
never for yourself, and get your pay by the hour. You then 
have no anxiety and little vrork. If you do things by the job 
you are perpetually driven ; the hours are scourges. If you 
work by the hour you gently sail on the stream of time, which 
is always bearing you on to the haven of pay whether you 
make any effort or not. Working by the hour tends to make 
one moral. A plumber, working by the job, trying to unscrew 
a rusty, refractory nut, in a cramped position, where the tongs 
continually slipped off, would swear ; but I never heard one of 
them swear, or exhibit the least impatience, at such a vexation 
Avorking by the hour. How sweet the flight of time seems to 
his calm mind." 
noasonsfor Now in a boolc addrcsscd chiefly to plumbers it would no 
BatiBfaction. doubt be the proper thing to say that the popular feeling of 
dissatisfaction with them, their bills and their work rests upon 
nothing more substantial than an unfounded and wholly un- 
reasonable prejudice unworthy of an intelligent community. 
Practical" &c. Such, howcver, is not the fact. It is unfortunately true 
, ' that a very large proportion of those who call themselves 
"practical plumbers," and who set up in business for them- 
selves, do not know their trade and are not as honest as could 
be desired in its practice. In my intercourse with the trade I 
have met many plumbers of large intelligence and much expe- 
rience who exemplified in all their business relations a delicate 
sense of honor and an obligation not always found in bank 
Good men parlors nor in the counting rooms of great merchants. Men of 
^ ^ ^ • tjjjg liiiid are not so scarce in the trade that we need have 
Second and troublc in finding them. I have also met a great many plumb- 
meohanios. srs of average skill and intelligence — honest, as the world goes, 
but without any very keen sense of the obligation which rests 
upon all men to take nothing for which they do not render a 
fair equivalent. I have also come in contact with a great many 
clumsy ignoramuses whose knowledge of the trade in which 
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they called tHeinielves " practical " is limited to the wiping of 
misshapeu joints and what ideas they managed to " pick up " 
while carrying a bag of tools for a few months, and who would 
not hesitate to charge all they could get for materials and ser- 
vices, wholly irrespective of their value. It is the botching, BotoMns, 
the " sogering " and overcharging of such plumbers as belong I'^rlhlrges. 
to the latter class that have created in the public mind a preju- 
dice against the whole trade. The reader, if he be a plumber, 
can classify himself ; but it is safe to assume that he does not 
represent the class of which I have last spoken. Men of this 
stripe never read. 

From a long and somewhat intimate acquaintance with those Quaimoations 
connected with the trade in its various branches, I have learned "pT^icai-" 
to regard the work of the " practical plumber " as demanding ^'"^f'"^ 
high and peculiar qualifications. In some respects it is the The trade eaa. 
easiest of all trades to learn, and a man with average mechan- ^ **™^ ' 
ieal ability could, with application, make himself a good work- 
man in very much less time than would be required to learn a 
majority of mechanical trades. This is an advantage to the ap- 
prentice, in so far as it enables him to become a good workman 
in a comparatively short time ; but there is constant danger 
that the ease with which the practice of the plumbing shop may 
be learned will encourage laziness on the part of the appren- 
tice and a disregard of the obligation which rests upon every 
mechanic to master the theory as well as the manipulations of 
the trade he essays to learn. The work of the plumber looks numbers 
so simple to the apprentice, and is so simple in many 
respects, that before he has carried the tools for six weeks 
he imagines he knows it all, and unless he be a young 
man of exceptional good sense he gets through the bal- 
ance of his apprenticeship as easily as possible, encouraged by 
the proud consciousness that he could wipe a joint as well as 
the boss if he only had the opportunity, and that on his twenty- 
first birthday he will set up as a " practical plumber " with as 
good a right to the title as nine-tenths of those who assume it. 
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This feeling of self-sufficiency, -which is quite natui'al under the 
circumstances, comnionly leads the apprentice to look with pro- 
found contempt upon study or solid reading. A majority of 
the workmen with whom he comes in contact know very little 
more of the theory of the business than he can " pick up " with- 
out much effort, and he is rarely called upon to perform any 
work during his apprenticeship which requires a knowledge 
greater than he possesses, or encourages him to study causes and 
investigate principles. Thus the golden opportunities of youth 
slip by unheeded ; at the proper time he is graduated a full 
TJnskiiiiui fledged journeyman, and after that he has, as the rule, little of 

Joumeymen. . . ,. . „ 

either time or inclination for study. As a consequence we 
have a very large proportion of practical plumbers who are only 
practical, knowing simply the characteristic manipulations of 
their handicraft, but who are practically ignorant of its princi- 
ples, except perhaps such as have been learned by experience 
and are imparted from generation to generation in the tradi- 
tions of the shop. I do not mean to say that all plumbers enter 
Learning upou the practice of their trade unprepared. Such a statement 

the trade *• ■*• ^ ■'■ 

' would be unfair and untrue. The thoroughness with which an 
apprentice learns his trade depends largely upon his own intel- 
ligence, character and habits, and upon the character of his em- 
ployer. Those who are so fortunate as to be brought up in 
well-ordered shops, under the direction of men who know their 
business and believe it to be their duty to teach it in all its 
"Picking up" 'ijranches to their apprentices, have themselves to blame if they 

the trade. j. j. / >/ 

do not become skillful and thorough workmen. But all boys 
are not thus fortunate, and when left to " pick up " their trades, 
they are apt to pick up only so much as they can carry without 
straining their mental capacity. 

Quaiiflcations I havc Said that in my judgment the practical plumber re- 
quires high and peculiar qualifications for the work he has to 
Good sense perform. Primarily he must be a man of sound good sense 

j^otSiob! 3.nd possessed of a wide range of general information. He 
needs these qualifications for the reason that he must be to some 
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extent a jack-of-all-trades. In jobbing there is no telling what 
kind of woi'k he may be called upon to perform, and his success 
in jobbing depends largely upon being able to do the right 
thing firet and do it in the easiest way. His general informa- 
tion must be comprehensive, including a knowledge of practical 
hydraulics, of arithmetic and algebra, of the principles of chem- 
istry, and of half a dozen trades connected with or relating to 
house building. He must at times do and undo the work of 
the carpenter, the mason, the gas-fitter, the plasterer, the 
painter and the carpet layer. It is not always possible for 
these to follow him and repair the mischief he is compelled to 
do, and he should know how to repair it when necessaiy, as 
well as know how to avoid making unnecessary work for others. 
I hsive more than once had plumbei-s do a vast amount of un- 
necessary damage to walls, woodwork and carpets in my own 
house, and I can sympathize with those who find cause for com- 
plaint in the way which a great many of them apply their talent 
for pulling things to pieces. The skillful plumber needs to be oenerat 
a " handy man " with tools of all kinds, and this dexterity he 
can easily acquire if he have the sound good sense and general 
intelligence which I have placed first among his essential quali- 
fications. 

He must be a man of quick perceptions and prompt in action, perception 
always ready for an emergency. He is often called upon to ^^f ""''*" 
render services which ai-e valuable to those who employ him in 
proportion to the promptness and intelligence with which they 
are performed. Unnecessary delays in responding to calls, tar- 
diness in getting to work where instant action is demanded, 
and " fooling around " on any pretext when his work is done, 
will destroy any man's business reputation and leave him de- 
pendent upon chance custom. 

He must not be afraid of himself or his work. Much of it Not afraid 
is dirty and disagreeable ; but it is useful and honorable, and 
should never be slighted out of consideration for his nose or 
his fingere. He need not fear that his dignity will suffer or 
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Lis character as a gentleman be called in question because he 
goes at his work like a man and does it as well as he knows 
how, whatever it may be. 

Thoroughness He must be thorougli. Few of those who employ him know 
whether his work is well done or not. He can cover up the 
worst kind of botching if he wants to, and generally get the 
same price for it that would be charged for better work by a 
better man. It is a matter between himself and his conscience. 
The consequences of his blundering or carelessness may be 
serious and far reaching. The few dollars he saves on a poor 
job may cost hundreds in damaged walls and furniture, or 
possibly bring sickness and death to happy households. He 
cannot afford to assume this moral responsibility for the sake of 
a present petty gain in money. 

The plumber He sliould be — and before many years must be — a sanitarian. 
' The manner in which houses are drained is of vast, and as yet 
unappreciated, importance as affecting the public health. Much 
of the literature of this new and beneficent department of scien- 
tific investigation has a direct, practical bearing upon the work 
of the plumber. He must lead as well as follow the progress 
of reform now fairly begun. What has already been said and 
written has awakened no little popular interest in the siibject 
of better and safer drainage systems than are now commonly 
employed, and before many years those will monopolize the 
cream of the business who are abreast with the progress of sani- 
tary reform, and who are untrammeled by ignorant prejudices 
and narrow views. The plumber of the near future will be a 
man who can intelligently begin where the engineer leaves off, 
and bring any system of drainage which the former may carry 
out in part to its complete, perfect and scientific consumma- 
tion. 
Honesty. He must be honest. I do not mean by this that he should 
not be a thief, for in no trade of which" I have any knowledge 
is the standard of honesty, as regards a sense of the difference 
between mewm and tuum, higher than in the plumbing trade. 
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The plumber enters a house with almost a carte Manche to go 
where he wiU, and I am happy to say the confidence of the 
public is rarely abused by one of the craft. But honesty im- what honesty 
plies something more than a respect for the property rights of *™''"®^- 
others. It implies honor between man and man, and this can- 
not exist where false charges are made or exaggerated items set 
down in bills. The man who wastes the time for which I pay 
is as dishonest, morally, as the man who picks my pocket. If wastingtime. 
he charges me with two hours time when the work done could 
hare been finished in one hour, he does not deal honestly by 
me, and cannot claim to be an honest man though he respects 
the sanctity of bureau drawers and leaves my wardrobe unmo- 
lested. This is plain talk, but there is no reason why it should 
give offense to any one. No one will deny its truth. Not long ^n incident. 
ago some students in the School of Mines, in New York, were 
taking photographs for the use of one of the faculty in a room 
where a plumber and his assistant were at work. " Gentle- 
men," said the plumber, " suppose you take a picture of me 
reading a newspaper with one eye and watching the door with 
the other to see if the boss is coming, while the 'prentice pot- 
ters around making believe he is doing something." Such a 
picture would be characteristic it must be confessed. 

"With regard to overcharges on materials there is more to be overcharge 
said in extenuation. If a man charges me $3 for what cost him "i^ateriais- 
$1, or 50 cents for what cost him 15, he may justify it to his 
conscience without much trouble by claiming that the buying, 
transporting and risk in handling are worth the difference be- ' 
tween the value of the article and the price he asks for it. 
Sometimes they are, but oftener they are not. I will not dis- 
cuss the question here. It is enough to repeat the old proverb, 
'' Honesty is the best policy." Good work and fair charges for 
labor and materials are the prime, and indeed the only, condi- 
tions of sure, permanent and legitimate success in the plumbing 
business. 
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What the Now wliile the ordinary work of the plambor is simple and 
n"ed3 to easily learned, as I have said, a knowledge of how to handle, 
know. ^^^^ ^^^ connect pipes does not make a man a master of the 
plumber's trade. There are a great many good workmen who 
are by no means good plumbers. This is a fact which the in- 
telligent and ambitious apprentice should keep in mind, and not 
be misled by self-conceit and the pride of half-knowledge into 
the idea that his little experience has taught him all there is to 
know. The great evil of the trade is that a man can practice 
it without learning it. If it were not so the possession of a 
solder pot, ladle, cloth, shave hook, hammer, saw and a few 
other tools, a sign and a little practical knowledge, would not 
constitute so many men " practical plumbers." 

It is not my intention in this chapter to waste space paying 
compliments. The reader has probably discovered this already. 
If he will follow me to the end, however, he will see that I con- 
sider the ignorant, incompetent and dishonest plumber the 
legitimate product of a system, and believe that with the aboli- 
tion of that system he will disappear from the ranks of the 
trade and tiirn blacksmith's helper, horse-car conductor or 
something else better fitted to his abilities. 

Plumbing I will uow Speak somewhat generally of plumbing work. In 
building a house there are many things which can be sacrificed 
to economy, but there are four things which cannot be too 
good. These are the foundations, the roof, the plumbing work 

Essentials and the apparatus for heatinff. The two essentials first men- 

In house -^ -^ ° 

buuding. tioned are usually secured at any cost, but the economy comes 
in in the plumbing work and the furnace. The extent to which 
this curtailment of necessary expenditure is carried is often sur- 
prising. When people set out to build houses to live in Aey 
usually desire that they shall be healthful, comfortable, and as 
elegant in external and internal appointments as their means 
will permit. The carpenter, the mason, the roofer and the 
painter are all expected to do good work and charge a good 
price for it ; but the plumber is required to make his bid be- 
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low the cost of even second-class work, and the owner canvasses wnat is ex- 
the market for the smallest and cheapest furnace he can find plumber, 
which can be driven to do the work expected of it. The fact 
that good drainage and pure air are the essential conditions of 
health and comfort is seldom taken into account. These are 
matters in which economy can be carried to any extent and 
Mrs. Grundy will not know it ; consequently useless ornamen- Health sacn- 
tation is paid for while health and comfort are left to take care ^ <> » ow. 
of themselves. We would naturally suppose that in this age of 
the world's progress a majority of the houses built to live in 
would be so arranged as to guard against all conditions known 
to be unhealthy ; but such is not the case, and until the intelli- 
gent classes of the community realize more fully than they now 
do the importance of having good drainage at any cost, we shall 
continue to have economy practiced just where it can least be 
afforded. 

As the rule, new work in this country is done by contract, contract 
The community are willing, under favorable conditions, to trust 
masons, carpenters, plasterers and painters to work by the day 
when good work is to be done ; but for the reason already 
explained, a majority of house builders consider it advisable to 
bind the plumber under a contract. Now let us see how this 
system works. The plumber takes the architect's plan and speci- how tue con- 
fications and makes -a calculation thereon. If he be an honest works, 
plumber, with a reputation to protect and work enough of the 
kind he prefers to make him indifferent about getting contract 
jobs, he will make a bid at a price which will enable him to 
carry out the letter and spirit of the architect's specifications 
and leave him a fair, honest profit. If he does this the chances 
are ten to one he will not get the contract. If, on the other 
hand, he be a plumber with no reputation to lose and in want 
of business, to whom a contract is important, he will make his 
estimate upon a very different basis. He studies the architect's 
specifications to see where and how and to what extent he can 

take advantage of any errors or omissions and save in cost of 

22 
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Loose sped- materials. Usually there is plenty of chance for this, for a 
' majority of architects draw their specifications of plumbing 
work so loosely and with so little knowledge of the practice of 
the trade, as to leave a liberal margin for " skinning " on the 
part of the plumber who does the work. If given to under- 
stand that the lowest bidder will get the contract, his sole study 
is to see how cheaply he can do the work, and the result of this 
study is a plan for doing it so that, even at the low price he 
puts upon it, he can make a profit. The price will probably be 
below what every intelligent plumber would know to be the 
net cost of the work called for by the specifications. 
Why contract "W"e wiU suppose tlic coutract is awarded him and he goes to 
done. work. What is he to do ? Obviously he must make the con- 
tract pay if he can, for he cannot afford to lose money for any 
one else's benefit. There is but one course open to hiin. He 
must resort to what the shipbuilders call " scamping," and his 
success in making the job pay depends upon his ability to do 
this successfully. He takes advantage of every error or over- 
sight on the part of the architect ; he uses the cheapest mate- 
rials he can get and puts them together in the easiest way, and 
where he can depart from the letter of the specifications and 
escape detection he will do it, provided loss cannot be avoided 

An instance in any other way. I know of instances in which, in place of 

*""*'^™'.; lead pipes carried under floors, plum"bers have used f-inch gas 
pipe, and the fraud could not be detected at the time without 
taking up the floor, which no one thought of doing. As all the 
pipes which showed were lead, the natural supposition was that 
all which did not show were lead also. I know of another case 
nouses with- still more remarkable. The contract for the plumbing work in 

connectims' a row of liouses built on speculation was awarded to an irrespon- 
sible man, who bid so low that none of those who competed 
came anywhere near him. He did the work, and while it was 
not well done, it was accepted and paid for. The houses were 
subsequently sold and people moved into them, but it was not 
long before they were "stimk out" — to use a forcible but 
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somewhat inelegant expression familiar to plumbers. An in- 
spection revealed the startling fact that in no case had any con- 
nection been made with the sewer. The soil pipe was carried 
down to the cellar and far enough underground to conceal the 
fact that it ended there. The drainage of the houses had been 
emptied into the cellar, and when the soil ceased to absorb it 
the smell gave warning of the nature of the evil to be remedied. 
The architect had taken it for granted that some sort of a con- 
nection would be made with the sewer, but it was not called 
for in the specifications and the plumber had not made it. 

I do not propose to tell what I know of the methods by which how con 
cheap contract work is usually made to pay the plumber a made to pay. 
profit. Those in the trade who have practiced these devices 
know a great deal more about them than I do ; those who do 
not had better not learn. In a general way it can be said that 
the difference between the work called for in the intent and 
meaning of architects' specifications and that usually done by 
the lowest bidder under contract, is about as great as that which 
exists between gold and thinly gilded brass. It appears in 
every item of material used,^ in every detail of workmanship. 
There is certainly nothing in this to afford any occasion for sur- 
prise. "We have no warrant for supposing that any man will 
for 50 cents furnish materials and do work to the value of $1. 
The less of that kind of business a man has the better off he 
will be. Plumbers work for profit ; they are entitled to it ; 
they should have it, and, under all but exceptional circum- 
stances, they will manage to get it. If we cut down their Thcpiumb- 
prices they will cut down in the quality of materials and work- tive. 
manship. They must do this or give up the business. The 
effect of this is to demoralize the trade, to encourage dishonesty, me effect np- 
to discourage the introduction and employment of improved °^ 
methods and appliances calculated to render our house-drainage 
systems safer and less liable to give rise to unhealthy conditions, 
and to bring business to a class of men who would get it under 
no other conceivable circumstances. There are a great many 
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plumbers who inake money out of cheap contracts -without any 
compunctions of conscience — ^which is not to be wondered at 
under the circumstances ; there are a great many who do this 
under protest and who consider the contract system utterly and 
unconditionally bad ; there are some who will estimate on work 
when requested, but will always demand a fair price with the 
intention of doing good work if the contract is given to them ; 
there are a fortunate few who are in a position to do business 
in their own way, and who will not take a contract on any 
A plumber terms. I know a man of this class who is almost daily called 

who never "^ 

"astimates." upou by gentlemen witli whom he has conversations something 
like this : 

" You have been highly recommended to me, sir, as a plumber 
who thoroughly understands the business, and I should like to 
have you do the work in my house. If you will stop in at my 
architect's, see the plans and give me an estimate, I will come 
in to-morrow and make a contract with you." 

" Thank you," replies our friend the plumber, " but I don't 
think I care about the job." 

" I want you to do it ; I propose that it shall be well done ; 
I intend to pay for it when it is done, and I don't propose that 
any second-class man shall do it." 

" Well, sir," answers our friend, " if you want me to do the 
work I shall be happy to do it well and charge yon only what 
is right and fair ; but I will not give you any estimate nor will 
I sign a contract. I can't tell, nor can any other man, what the 
work will cost until it is done. If I iix a price I shall cheat 
you or cheat myself, and I do not propose to do either." 

This is our friend's ultimatum. No persuasion can induce 
him to change his answer. That he has plenty of the best work, 
has made an honorable and extended reputation and stands at 
the head of the trade in the city in which he lives, is not to be 
Thepoiicyof wondered at. If all first-class plumbers would take the same 
men. staud, refusing to be tempted to bid for contracts or to agree 
to do any work for anybody at a price below what they be- 
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lieve to bo enougli to cover cost, contingencies and profit, they 
would soon monopolize all the business that is worth seeking. 
Incompetent and unprincipled plumbers thrive upon the mis- popular 
taken idea which lingers in the public mind, that the way to ms work by 
get good work done cheaply is to have it done by contract. 
The experience of generations — centuries, even — has had little 
effect in exposing the fallacy of this notion. When none but 
second-class men will bid on an architect's specifications, the 
public will not be slow in recognizing the difference which 
exists between first and second class work. 

It is probable that one reason why so large a proportion of whytheoon- 
the plumbing work in this country is done by contract is found is maintaiMd 
in the fact that a majority of people have an exaggerated idea 
of the profits of the plumbing business, as well as the low esti- 
mate of the standard of honesty in the trade already noted. 
With regard to profits, I have no hesitation in saying that they smau proms, 
are usually moderate when good work is done. " There is not 
one plumber in a dozen who can afford to be honest," said one 
of the trade to me not long ago. Certainly there are very few, 
comparatively, who succeed in making anything more than a 
living. The largest percentages of profit are usually made out 
of people who imagine that they have made close contracts and 
are getting their work done cheaply. As regards honesty, I fail 
to see that the average standard in the plumbing business is 
above or below that of other trades. Contract work of all contract 
kinds is proverbially bad, and cheap contract work always was vema^ybad 
and always will be the standard of comparison for everything 
inferior in quality and transient in character. " The world 
seems to be going to rack and ruin," said a wealthy contractor 
to Foote when that famous wit was in his prime. " Why is 
it?" 

" I cannot imagine," answered Foote promptly, " unless it 
was built by contract." 

The now historic joke only crystallized a bit of universal ex- 
perience. Plumbers are probably as honest as other mechanics 
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in carrying out their contracts, and no doubt they give as large 

a percentage of value for the money they receive as do masons 

Competition or Carpenters. The kind of competition to which they are sub- 
in the trade. . .,. 

jected, however, from those in their own trade forces them 

to work clieaply and, as the consequence, to do cheap work. 

Mistaken It is Safe to asscrt that the economy practiced by housebuild- 

economy. ^ . . , . 

ers in the matter of plumbing work is always of the kind which 
saves at the spigot and wastes at the bung. I am informed by 
experts in the trade who are authorities on all matters pertain- 
ing to it, that the widest margin of saving on poor work as 
No saving on compared with good rarely exceeds 25 per cent. An average 
ing work, city housc cau be piped scientifically, with the best materials 
and in the best way, for about $1200, including all necessary 
fixtures. It is possible to make the work cost more, but this 
amount will pay for as much first-class plumbing work as is 
needed in most New York houses of the better class. The 
house could not be plumbed at all, provided the same plan were 
Repairs, followed, for less than $900. The saving of $300 tlms secured 
is a trifle compared with the sum upon which the annual 
expenses for repairs would pay interest ; and when we con- 
sider the dangers and discomforts to which bad plumbing work 
gives rise, it is too paltry and insignificant to merit a mo- 
ment's consideration. If we cannot afford to have the plumb- 
ing work in our houses well done, we had better have less of it. 
"When we aspire to the luxuries of baths, water-closets, bed- 
room wash basins and similar refinements, we should first count 
the cost and see whether we can afford them. If we cannot 
afford to have the best materials and workmanship, we had bet- 
ter content ourselves with wash bowls and pitchers in our bed- 
rooms and one water-closet somewhere out of doors. 
Reforming The coutract system is an evil which cannot be easily or 
system, promptly reformed. No doubt arguments could be found in 
favor of it, and it must be admitted that the abuses of the sys- 
tem, rather than the system itself, need reforming. The proba- 
ble cost of a job of plumbing, plus a reasonable allowance for 
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profit, can always be ascertained with approximate accuracy. 
Now it may safely be assumed that a man who agrees to do the 
work for less than this is either mistaken in his estimates or 
proposes to make the contract pay at any price. In either case 
it is not desirable that he should have it. If mistaken in his 
estimate he will, as the rule, save himself from loss if he can. 
There are some men who would carry out a contract in letter 
and spirit if it ruined them, but such men are exceptions 
in any trade, and, moreover, they do not often make the mis- 
take of agreeing to do work for less than it is likely to cost 
them. If, on the other hand, the contract is taken with the in- 
tention of making it pay, there is little reason to hope that you 
will get more than your money's worth, though it be done for 
half price. The chances that you will get an honest plumber 
to cheat himself for your benefit are about as one to one hun- 
dred that you have reason to conclude, after the work is done, 
that you are the victim of your own smartness, and that the 
man with whom you made your shrewd bargain has far better 
reason to feel satisfied than yoti have. The great danger of the whytheiow. 
contract system is the temptation it offers to give our work to sLuidnot 
the lowest bidder. Plumbers who can be trusted and whose tra™^™ 
bond is good for anything, do not make any haphazard esti- 
mates. If an architect's specifications are specific, they can tell 
to a dollar the cost of every ounce of material called for, and 
with approximate accuracy, at least, the time it will take to put 
these materials together. To the cost every honest practical 
plumber will add the percentage he has learned by experience 
to allow for waste and contingencies, and to the sum of these a 
fair and legitimate profit. If we are willing to contract with 
him to do our work on this basis, well and good. "We know in 
advance just what the work will cost us, and we shall probably 
have it well done whether the plumber's profit be a little more 
or a little less than he expected. But on no other basis can we 
afford to contract with any man for anything. Bids iinder the 
price named by a responsible plumber of character and experi- 
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ence wlio is willing to give you a memorandum of items, can 
safely be regarded witli suspicion. Obviously, therefore, con- 
tracts — if awarded at all for plumbing work — cannot always be 
given to the lowest bidder. This is a proposition so plain that 
no man with the average allowance of common sense can fail 
to see its wisdom. 
ArcMteots- Yqi- nmch of the looseness which has crept into the morals 

specifications ^ 

and practices of the plumbing trade, the architects are respon- 
sible. A very large proportion of their plans and specifications 
are prepared with so little knowledge of the principles of plumb- 
ing work that it would be impossible to pipe a house in accord- 
ance with them. The plumber cannot be held responsible for 
their errors or mistakes, but for his own protection he is very 
apt to take advantage of them. As I have spoken of this sub- 
ject in another chapter, 1 shall not discuss it here. 
How the evils For the cvils of ignorant and dishonest plumbing there is 

affecting the i i • i • T • 

trade may be but One remedy which promises to be permanent and certain. 
It is to employ only skillful and honest men who will not agree 
to work for less than fair prices. "When this is provided for in 
advance it makes, practically, but little difference whether our 

The percent- work is douc bv contract or for a percentage. The latter sys- 

a^e system. " ± o ./ 

tem has many advantages, however. The plumber who works 
for a percentage, usually ranging from seven to ten, according 
to the size of the job, agrees to bill materials and labor at their 
net cost and take the percentage of the total agreed upon as 
his profit, including the superintendence, &c. If the builder 
or house owner prefers, he can buy his own materials and the 
plumber will furnish the labor required to put them together, 
its advan- This iusurcs good materials and good workmanship, and costs 
no more than any man should be willing to pay for work he 
has done. The fact that a majority of our best plumbers are 
willing to work on this system, shows that they are content 
with fair profits and ready to give their customers every 
Jobbing, reasonable advantage. Where job work is to be done, such as 
repairs and alterations, the customer has but one means of pro- 
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tecting himself. lie must intrust his work to some man who 

has a reputation for honesty and fair dealing. The moment he 

begins to haggle about the price of work before it is done, he 

invites the plumber to cheat him in order to save himself. In oooapaytor 

a word, it is with the plumbing business as with all other 

trades— if you want good work and fair dealing you must deal 

with good men and pay fair prices. 

How do the plumbers regard this subiect ? I believe that a The views ot 

the trade. 

majority of those who will see this book will agree perfectly 
with everything I have said in this chapter. Perhaps I cannot 
furnish better proof of this than by quoting from a few of the 
many letters I have saved out of an extensive and interesting 
correspondence with representative men in the trade, extending 
over a period of several years. These letters are ionafide, and 
my quotations are given verbatim. 

A plumber of thirty years' experience, doing business in Extransstrom 

COrF6SDOIlCL~ 

Syracuse, E". Y., sent me a letter, called out by a published eaoe. 
article of mine, from which I quote as follows : 

"You say that the responsibility which rests upon the Apiumber-a 
2)lumber is often more serious than he imagines, and that 
ignorance is, at best, a poor excuse for the mischief which 
may result from his mistakes. 

" jSTow, I admit that this trade, like most others, is imper- The trade 
f ectly learned in America, because we have no apprentice sys- learned, 
tern worthy of the name ; but the worst feature of the case is 
that builders and owners of houses think they know as much 
about plumbing as the man who has served a lifetime at it. It 
is this dangerous ignorance, mistaken for knowledge, which 
enables employers who know but little of the business and who 
hire cheap men, to get contracts for plumbing work, because 
they will follow the directions laid down for them by men who 
know still less than they do. If you will make inquiry in the Practical 
trade I think you will iind that about one-half of the so-called 
' practical plumbers ' cannot lay out a job so that it will work 
right when finished. I call to mind laborers, masons, hardware 
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dealers, jewelers, carpenters, tinmen, machinists, a county 
sheriff and a tanner, who think they know all about plumbing 
and can make money out of it. A member of a prominent 
house in your city, dealers in phimbers' supplies, told me only 
a few weeks ago that they had lately received an application 
from a man for their catalogues, with list prices, &c., and all 
the information they could give him. lie knew nothing of the 
business, but was going to set up a shop, as several men in his 
place had done very well at it, and he believed there was money 
to be made in the business. It is such men as this who do the 
kind of work you justly characterize as 'unscientific plumb- 
ing.' " 

Another correspondent, a successful and well-known plumber 
in Boston, comments as follows on some views expressed by me 
in a paper read before the Public Health Association and sub- 
sequently published in the Sanita7-ian : 
Incompetent " As to faultv plumbing work, in most part it lies with in- 

archltects •'_ ^ ° ' -^ 

competent architects and very often with gents of that profes- 
sion who think themselves well posted. They of course can 
design the plans of a house, locate where the plumbing work is 
to be, write a very elaborate specifications, &c., get half a dozen 
plumbers to estimate with a knowledge from the start who is 
going to do the job. They will call in the specification for cer- 
tain places, ' AAA pipe ; ' for other places, ' AA pipe.' At the 
same time they don't know one from the other except they 
see the trade-mark. They will come into a building ; they see 
the ends of pipes sticking out where shown on the plan, and 
How they See the trap for a closet put in. They simply take a bird's-eye 
°"''^ik! view of it and pass on ; may possibly sing out, ' Plumber, are 
you sure that is right ? ' They know no more how it is put in 
than a school-boy, for they do not examine it. Then again, 
sir, I confess there is a good deal of the fault with the plumber. 
The plumber is the architect's man — that is understood. The 
plumber is the man of that worst of leeches, the house agent. 
The house agent and the architect know each other. The 
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plumber, between the two, is in a sweat box. I am giving yon Howths 
these plain, simple facts before going into details of the causes iswaa. 
of defective plumbing work or advancing an idea for a remedy. 
Now the plumber, having to give 10 per cent, to one and 10 Mawng cheap 

. AAA- work pay.. 

per cent, to another, must curtail from the AAA pipe and the 
AA pipe in specification ; and where cast-iron soil pipe is 
called for, calked with molten lead, I will guarantee that more 
than two-thirds of the hub is filled with paper and sand. It The oonae- 

queuces. 

won't leak water — oh, no — -because the end of the pipe is let 
into the hub and has generally a run. But will it leak sewer 
gas ? Oh, yes — -because there is not lead enough there to keep 
it back ; and all this is done under the eye of the experienced 
architect. Then again, sir, a great deal of the fault is with aHousebuiid- 
contemptible set of house-building speculators, who probably do lators. 
not own $200 in the whole block when the buildings are started. 
What do they care how the plumbing or any other work is 
done if they can make a few thousands, honestly or not ? 

" Then again, not a little rests with penurious (honest pay, penurious 

, T T V T T t , . , 1 house owners 

though) house owners, who are always trying to make some- 
thing a little less answer the purpose. 

" The class of men styling themselves carpenters and builders carpenters 
are also responsible for much of the cheap and inferior contract 
plumbing work. For example, a person contemplating the 
building of a house — worth, say, $6000 — goes to an architect 
and gets a set of plans and specifications, which of course in- 
cludes the work of the plumber, roofer, painter, &c. The car- 
penter and builder estimates on the whole job, without consult- 
ing any of the mechanics upon whom he must rely in carrying 
out the plans. "We will suppose that he gets the contract. He howiow was 

, . are secured. 

goes to the plumber, with whom he has acquaintance, and says : 

' John, I have the contract to build a house for Mr. -, at 

such a place, and I want you to estimate on the plumbing ; but 
remember, I want it done as cheap as you can do it. I have 
taken the job so low that it is only to keep my hands going.? 
The same story is told in confidence to half a dozen plumbers, 



348 THE PLUMBEK AND HIS WOEK. 

and tlie consequence is tliat a very imperfect job is done, and 
perhaps without so much profit to the plumber as would repre- 
sent the price of a potful of solder. There are, of course, a 
great many plumbers who will not do work on this basis ; but 
there are, unfortunately, a great many who will take anything, 
and so long as these can get work to do for parsimonious house- 
builders, so long will we have bad plumbing with its attendant 
evils. 
Competition " I must confess there is a good deal of the fault with plumb- 

plumbers, crs in trying to cut one another out of work until there is not a 
scrap of solder profit left. In my opinion, with the foregoing 
facts, it is impossible to have other than defective plumbing 
work." 

This, it should be remembered, gives the experience of a 
plumber, and is not to be classed with the generalizing of one 
not practically acquainted with the business. Another plumber, 
long established in business in New York, gives us an insight 
into the kind of competition which those in the trade exj)eri- 
once from their fellow-craftsmen. I quote as follows : 

A divided " AUow me to give you a view into the plumbing trade and 

responsibility iitt 

forbadwork. how the plumbcrs act toward each other, and how it is that 
they are mainly responsible for the bad estimation in which 
they are held by the public, and why house owners are respon- 
sible for defective plumbing, sewer pipes, &c. Most people 
think that plumbers, as a trade or body, are more leagued to- 
gether and more loyal to each other and the trade than any 
other class of workmen in ISTew York city, but, with a few ex- 
ceptional cases, quite the contrary is the fact. When it is possi- 
ble to cut one another out of custom they are bound to do it. 
Now to come to the point, suppose you have plumbing work in 
your house. A pipe bursts, you send for your plumber, but as 
neither he nor his men are in you send around the corner for 
some one else. That some one comes ; he takes a view of matters, 
and then does what you should have done — shuts the water off. 
Then, instead of at once beginning the job, he will begin find- 
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ing fault with all the plumbing work in the house, until he 
makes you believe that he is the only workman in New York 
that knows anything, and that the man who has been doing 
your work for years is nothing but a fool. He makes you be- Tjnfairoom- 

. peUtion. 

lieve also that if your pipes were altered thus and so there 
would be no chance for any more bursting. The upshot of the 
matter is you keep sending for the smart man until there is 
something disturbed, perhaps under your floor or it may be in 
the cellar, that your smart man knows nothing about, and the 
first intimation you have of the matter is your need for a doc- 
tor or perhaps the undertaker. And all this happens because 
you did not shut ofE the water and have patience until the fool 
came home to get your order. People, I know, are not to be 
blamed, in case a pipe bursts, for sending for the nearest 
plumber ; their haste is usually the result of ignorance as how piumb- 
to the danger which menaces the boiler or some other part of ^pS^' ^^ 
the plumbing work. All that is necessary in case a burst occurs 'smoranee. 
is to shut off the water, and every adult member of every house- 
hold" should know how to do this. Then open the hot-water 
cock in the kitchen sink, or over the bath, keep a moderate tire 
in the ^ range, and the boiler will last for 48 hours without 
harm. The water in it will bubble and boil, but that is all. 
Your plumber, when he comes, will know how to handle mat- 
ters. 

"Again, house owners are largely responsible for defective -w^orking for 
work, for the reason that they often impose upon the plumber ^^'™'»*^- 
the disagreeable necessity of working for the cook or the coach- 
man. He must please these potent officials of the household. 
If not, they complain, and on the strength of their complaints 
the plumber is dismissed and a new man is employed who will 
do things as the cook or the coachman may be pleased to direct, 
and who will also ' make it right with them.' As the rule, the 
new man undoes or spoils the work of the old. By neglecting The duty of 
to exercise a judicious oversight in such matters, the householder ''°'"®'»°'<**"- 
has himself to blame for the defective sanitary condition of his 
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premises. I would, in conclusion, advise all householders to 
find out for themselves whether their plumber is an honest man 
and does his work properly. If so, he would do well to disre- 
gard all complaints of servants and interested parties. When 
you find you have a good man, trust him as you do your family 
physician. The comparison is not a bad one, for to his skill, 
intelligence and judgment you owe immunity from a large 
variety of causes of disease. Good plumbing is of vastlj' more 
consequence than all youi" rich furniture and costly carpets." 

I might fill many pages with similar quotations from my cor- 
respondence, but those already given will show how plumbers 
regard the evils affecting the trade. They are the almost con- 
fidential utterances of men who. speak from long experience, 
and every plumber among my readers will agree with them as 
well as with my own general remarks on the subject. 
AdTieeto I will concludc this chapter with a few words of friendly 
lithe trad^ counscl to youug men in the business. There is in a great 
many trades a feeling that the more repairs there are the better 
it will be for the prosperity of the trade. A hard winter that 
bursts pipes in all directions is very generally regarded as a good 
thing for plumbers and welcomed accordingly. Mechanics often 
say : " We like to have work wear out because it gives us jobs." 
This feeling is the cause of a great deal of willfully poor 
plumbing work. Now, this is killing the trade. Poor work- 
men find employment, the business is demoralized and good 
men have altogether too little to do. So bad is plumbing work 
in general that people have just as little of it as possible. They 
know that in a few years the repairs will more than equal the 
first cost, and in putting up a new building they have, as the 
The work- rule. Only the few indispensable fixtures. The true aim 
"""'^Itatof the workman, therefore, should be to make the work 
good and durable. If it were certain no repairs would bo 
necessary on the plumbing of a house for a long series of years, 
there would be much more work put into a house. The in- 
crease of new work would more than equal the amount lost in 
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repaira, wMle the quality of the work and the character of the 
workmen must necessarily be miich higher than now. 

"When an accident happens which makes large repairs neces- Bepairs. 
sary, or when there is a general freeze-up of pipes, every indi- 
vidual in the community is injured to a certain extent. There 
is so much value wasted and the commimity is poorer. It is a 
short-sighted selfishness that regards such misfortunes as bless- 
ings to the trade. The wise policy is to make each job thor- 
otigh, so that repairs may not be needed. 

Some years ago I overheard a conversation between two two kinds o( 
plumbers as to the best methods of doing work of a certain 
kind. 

"Said one: "I don't want -to do my work too well, or I shall 
have no repairs to do." 

Said the other : " It has always been my policy to do work 
so well that it 'won't need repairs, and the consequence is I am 
always full of good work while you are always jobbing." 

To the young plumber, ambitious of honorable success in precepts 
life, I offer the following brief and easily remembered advice : membcnne. 

Learn your trade thoroughly. 

Study its literature and learn all you can of every subject 
which bears upon it, directly or indirectly. 

Do no work that you cannot point to with pride. 

Make no charge which you could not, upon oath and with a 
clear conscience, declare to be, in your judgment, just and 
reasonable. 

Deal honestly and honorably with all men, and do unto 
others in the trade as you would have them do unto you. 

These may seems like platitudes, and so they are; but they 
are the sole conditions of honorable and permanent success. 
The man who follows this policy through life, and who com- 
bines industry and thrift with right principles, will merit success 
whether he achieves it or not. 
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PLAN OF FLOORS of a CITY HOUSE, 

Showing Position of Fixtures. 

(See Page 120.) 
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